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conputer-rel ated techni ques have nade It possi ble to process

t hree-di nensional image infornmation easily. One popul ar neans for

out putting three-dinensional inmge i nformati on to be processed by a
conput er has been simul ation of DEREREPTIORNsi onal representation on a
di spl ay. Wth such 15 sinulated three-dinensional representation, an

| mge di spl ayed on a display can be freely noved to all ow

t hr ee- di nensi onal observation of the displayed i mage. However, it is
difficult t oMETHOD AND APPARATUS FOR FORMING HOLOGRAM

5 TECHNICAL FIELD

The present invention relates to a method and an apparatus

for forming holograms for reproducing three-dimensional images.

BACKGROUND ART

10 Recent advances of computer-related techniques have made
it possible to process three-dimensional image information easily.
One popular means for outputting three-dimensional image
information to be processed by a computer has been simulation of
three~dimensional representation on a display. With such

15 simulated three-dimensional representation, an image displayed
on a display can be freely moved to allow three-dimensional
observation of the displayed image. However, it is diff'icult to
represent three-dimensional image information sufficientlyusing
simulated three-dimensional representation becaﬁse it is not a

20 real representation of the three-dimensional image.

Means for outputting three-dimensional image information
in practical use other than the above-described simulated
three-dimensional representation include modeling apparatuses
(also referred to as "solid creators”) which automatically create

26 amodel from three-dimensional image information. However, when

three-dimensional image information is transmitted to a remote



represent three-dinensional imge information sufficiently using
sinmul ated t hree-di nensi onal representation because it is not a 20 real

representation of the three-di nensional inmage. Means for
outputting three-di nensional inmage inforngtion in practical use other
t han t he above-described sinul ated t fir ee- di nensi onal” representati on

I ncl ude nodel i ng appar at uses (also referred to as "solid creators”)

whi ch automatically create 25 a nodel fromthree-di nensional inmge
i nf or mat i on. 1o¢phikem suchhas a foredgneeountih ficoruplnatgdy atothak |W°i‘@
transmtted to a renote
| ocat i on suchoestion ousing suchta ymedeling \RpRaYatus, titatls msary to
| ocation using such a nodeling apparatus, it is necessary to prepare
t he nodel i ngpreparathe maeﬂdmgrappnmﬁuscat ithe remy teclagatsiion and toxmests
actually using the nodeling apparatus, which indicates 5 that the use of
such a nodel anmodeb acttuad liys usdhgnthe ssadeling appacatusni wiiclh uindiicatesns
in ternms of cost and tinme. Especially,
5 that the use of such a modeling apparatus is not necessarily
convenient output means in terms of cost and time. Especially,
when three-dimensional image information is to be output in a
plurality of locations, the method for outputting three-
‘dimensional information using a modeling apparatus is impractical
10 Dbecause it results in an enormous cost.

It is therefore desired to provide effective and practical
means for outputting three-dimensional image information.

In the advertising and publishing industries, there is a
need for creating advertisements or magézine front pages that give

15 stronger impression. This has resulted in a need for simple
three-dimensional image representation.

One possible technique for satisfying the above-described
needs is to output three-dimensional image information utilizing
holography. In general, the output of three-dimensional image

20 information utilizing holography is performed by projecting
reference light upon a recording medium in which an interference
pattern is recorded as a result of interference between object
light carrying image information and reference light, that is,
a hologram.

25 However, the method of forming a hologram as a result of

interference between object light and reference light allows only



when three-di nensional image information is to be output in a

plurality of |ocations, the nethod for outputting three- di nensi onal

i nformati on using a nodeling apparatus is inpractical 10 because it :
vesults in an enornous cost. I? is therefore desired to provide
effective and practi cal means for outputting three-dinensional inmge

I nformati on. In the advertising and publishing industries, there
is a need for creating advertisenents or nagazi ne front pages that
give 15 st rﬁhgé?GQQﬁﬁrJ@Qngrﬁrnfnﬁ@W PEsamead Phiackanf fAgessholadlow

t hr ee- di nensi onal inagg representation. One possi bl e techni que

for satisfyi bhet Fecapdiagdefcr tiheep-dimensdeoaal; simage)yipfermation to be
t hree-di nensi onal inage information utilizing hol ography. I n general,

t he out put oprotessedi by nsicorpuliemgeFuzbheni othis i nethed |dogshqatoladgaxphy
I's perfornmed by projecting reference |ight upon a recording nediumin
whi ch an i nt reCerdimg of infpamationi of resregy detead cbjaesiulitf thei obviederdance
bet ween obj ect light carrying imge information and reference |ight,
that is, 5 toe hatrgg!aln afdition, thdsemethodhisnehsuiitalild cdfor rppaople
hol ogram as a result of I nterference between object |ight and
reference |i galledlorsatotisywho attempt to create images with characters such
as titles and various visual effects added thereon. Moreover,
it is difficult to form large holograms that can be used for
advertisements on the street with this method.

10 : There is a technique in prior art referred to as
"computer-synthesized holography” for forming holograms based on
three-dimensional image information to be processed by a computer.
According to this technique, for example, a computer calculates
an interference pattern that should be generated as a result of

15 interference between information light obtained by performing a
Fourier transform on information of an object in a space to be
three-dimensionally represented and reference light; the pattern
is drawn with a normal printer or the like; the drawn pattern is
photographed using a camera or the like to reduce it to a size

20 which corresponds to the actual dimensions of the represented
object and which is determined by the wavelength of the same: ahd
a hologram is formed by printing the reduced pattern in the form
of irregularities and dots.

However, the method for forming a hologram utilizing

26 computer-synthesized holography according to the prior art is

inadequate for the purpose of outputting three-dimensional image



3 the recording of information of a real object and does not allow
the recording of three-dinensional imge information to be processed
by a conputer. Further, this nethod does not allow recordi ng of
¢+nformation of even a real object if the gbject is 5 too large. In
addition, this nmethod is unsuitable for péople call ed creators who
attenpt to create inmages with characters such as titles and various
visual effects added thereon. Mreover, it is difficult to formlarge
hol ogr ans t hiRfeEmation,skel Perprocessed cbYi 3¢ FPAPYLER eRsidyr decapsen ithi s
method. 10 There is a technique in prior art referred to as
"conput er - sylnvielves many s§epghto becarsigfingutol Fheamethadacesrding to
t hree-di nensional inage information to be processed by a conputer.
Accor di ng t othépzior@rt bae anbthezpnoblem in thapditeks difficuitto imprave
Interference pattern that should be generated as a result of 15
i nt er f er encedbEfracting fafficiency agdt thbt zendering peapabiiiiy of three-
Fourier transformon information of an object in a space to be
5 dimensional image representation because an interference pattern
is recorded on a two-dimensional basis and, therefore, Bragg
diffraction can not be effectively utilized.
Holographic printers for forming a hologram capable of
representing a three-dimensional image are disclosed in Endoh et
10 al., "High Density Recording With Holographic 3-D Printers”, the
23rd Conference on Imaging Technology. pp. 317-320, 1992 and
Yamaguchi et al., "Three-dimensional Image Hardcopy Techniques
Utilizing Holographic 3-D Printers”, Journal of The Society of
Electrophotography of Japan, Vol. 22, No. 4, pp-342-345, 1993.
156 In the case of those holographic printers, however,
reference light for recording must correspond to reference light
for reproduction because a two-dimensional image is displayed on
a _1:I.quid crystal panel in association with an actual image
displayed in a space and an interference pattern as a result of
20 interference between light modulated by the two-dimensional image
and reference light is recorded in a recording medium. This
results in a problem in that it is difficult to create a variety
of holograms for which different beams of reference light are used
for reproduction.

25 The above-described holographic printers have another

problem in that they have a complicated mechanism because there



three-dinensionally represented and reference light; the pattern S
drawmn with a normal printer or the |like; the drawn pattern is
phot ographed using a canmera or the like to reduce it to a size 20 which

<corresponds to the actual dinensions of the represented obj ect and

which is determ ned by the wavel ength of tYhe same; and a hologramis
formed by printing the reduced pattern in the form of irregularities
and dots. However, the nethod for form ng a hologramutilizing

25 conput erisypt Resdz fPhoseprpraiind epbicahgsysteme fprodldumipgting a
| nadequate for the purpose of outputting three-dinensional inmge
4 i nf orecerding medduprwitds ddghbyneduwlated by aavoldimensaioral timage
i nvol ves many steps to be carried out. The method according to t he
prior art haandrfuthdllpmbibating thehaecordingdnédium mwithorefigrenece light.
diffracting efficiency and the rendering capability of three- 5
di mensi onal inmage representati on because an interference pattern S
recorded on a two-di nensional basis and, therefore, Bragg
O DISCLOSURE OF THE INVENTION
The present invention has been conceived taking such
problems into conslderation, and it is a first object of the
invention to provide an apparatus and a method for forming a
hologram which make it possible to form a hologram for reproducing
10 a three-dimensional image easily, free of limitations placed by
the size of the three-dimensional image to be reproduced, the size
of the hologram and reference light for reproduction.
In addition to the first object, it is a second object of
the invention to provide an apparatus and a method for forming
15 a hologram which make it possible to form a three-dimensional
hologram.
In addition to the first object, it is a third object of
. the invention to provide an apparatus and a method for forming.
a hologram which make it possible to form a hologram with a simple
20 mechanism.
A hologram forming apparatus according to the invention is
a hologram forming apparatus for forming a hologram for
reproducing a three-dimensional image by recording an
interference pattern for generating reproduction 1light

26 associated with a desired three-dimensional image when

illuminated with reference light for reproduction in a recording



diffraction can not be effectively utilized. Hol ogr aphi c
printers for formng a hol ogram capabl e of representing a

t hree-di nensi onal inage are disclosed in Endoh et 10 al., "Hi gh Density
Recording Wth Hol ographic 3-D Printers”, ,the 23rd Conference on

| magi ng Technol ogy, pp. 317-320, 1992 and Yamaguchi et al .,

"Thr ee-di nensi onal | mage Hardcopy Techni ques Utilizing Hol ographic 3-D
Printers”, Journal of The Society of El ect rophot ogr aphy of Japan, Vol.
22, No. 4, pypedim aasyhikgpinforsation is recardedtutilbzindg bodogyaplyajiine:
printers, however, reference light for recording nust correspond to
ref erence | i gbparatus hawvingpadieas for hEbumizsatdngva- pare i thelregomuiing

di spl ayed on a liquid crystal panel in association with an actual

i mage dme@iay vl thn aapipaatkity bfibeiamscof arermmiing ldeghtaton faamilg of
20 interference between |ight nodul ated by the two-dinensional inmge

and referenca pagbt of sthécohtefference asttbnty tedresdrdl e part foFSWHes i n

a problemin that it is difficult to create a variety of hol ograns for
whi ch di f§ er eRtebperéncd patiteiranafd! paBiltidne ciafife meand For' ERARGLEG It
25 The above-descri bed hol ographic printers have anot her

problemin tphalatiey doaMd 1d3nadNPEL 64 SEsHES BRAKSENDERE hiad BRBrecording
medium.

The hologram forming apparatus according to the invention

forms a hologram by performing the operation of illuminating a

10 part of a recording médium with a plurality of beams of recording

light for forming a part of an interference pattern to record the

part of the interference pattern using the head a plurality of

times while changing the relative positional relationship between

the head and recording medium with the position change means.

15 A method for forming a hologram according to the invention

is a method for forming a hologram for reproducing a three-

dimensional image by recording an interference pattern for

generating reproduction 1light associated with a desired

three-dimensional image when illuminated with reference light for

20 reproduction in a recording medium in which information is

recorded utilizing holography, in which an operation of

illuminating a part of the recording medium with a plurality of

beams of recording light fdr forming a part of the interference

pattern to record the part of the interference pattern is performed

25 a plurality of times while changing the relative positional

relationship between the recording medium and the beams of



Js a need for separated optical systens for illumnating a recordi ng
mediumwi th |ight nodul ated by a two-di nensional inmage and for
illumnating the recording nediumwi th reference |ight. 5 DI SCLOSURE OF
JTHE | NVENTI ON The present i nvezt i on has been conceived taking .
such probl ens into consideration, and it is a first object of the
I nvention to provide an apparatus and a nethod for formng a hol ogram
which make it possible to forma hologramfor reproducing 10 a
t hr ee- di nensreserdingdegisi |y, free of linmtations placed by t he size
of the three-dinensional imge to be reproduced, the size . of the
hol ogram and r ef er@tier |ohygactisar feqbureésc andnadvantages of |theaddiveniiono
the first object, it is a second object of the invention to provide an
appar at us amstilhl becomd sufififcdemtly apparen thifitom the foillowimgikdeseripision e
to forma three-di nensional hol ogram

5 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a configuration of a hologram
forming apparatus according to a first embodiment of the
invention.

Fig. 2 is a partially cutaway front view of the hologram

10 forming apparatus shown in Fig. 1.

Fig. 3 is a side view of the hologram forming apparatus shown
in Fig. 1.

Fig. 4 is an illustration of a configuration of the head
in Fig. 1.

15 Fig. 5 is a sectional view of an example of a configuration
of the recording medium in Fig. 1.

Fig. 6 is a block diagram of a circuit configuration of the
hologram forming apparatus according to the first embodiment of
the invention.

20 Fig. 7 is a block diagram of a configuration of the detection
circuit in Fig. 6.

Fig. 8 is a flow chart of an operation of the hologram forming
apparatus according to the first embodiment of the invention.

Figs. 9A through 9D are illustrations of amethod for forming

26 a hologram according to the first embodiment of the invention and

amethod for reproducing a three-dimensional image from a hologram



Iln addition to the first object, it is a third object of the invention

to provide an apparatus and a nethod for formng a hol ogram whi ch make
it possible to forma hologramwith a sinple 20 nmechani sm A
hol ogram form ng apparatus according to t i nvention is a hol ogram
form ng apparatus for form ng a hol ogram for reproduci ng a

t hree-di nensi onal image by recording an I nterference pattern for
generating reproduction light 25 associated with a desired

t hr ee- di mensiformed thegebywhen illuminated with reference light for
reproduction in a recording _ 6
medi um on whi ch i nFagsat 18A througloldddayei Llluskgraflong afhpperations of
apparatus having a head for illumnating a part of the recording

medi um wi t h Zhel Lighttsowfcehdavices and mpiitigl Ldghtfredilatomdn Fig.alpart
of the interference pattern to record the part of the 5 interference
pattern and positi fdgchthde ardldustrathengfhpolarized beanisadf ld ghdsusednal
rel ati onshi p between the head and recording

5 in the first embodiment of the invention.

Fig. 12 isan illustration of a state of 1ight in the vicinity
of the recording medium in Fig. 1.

Fig. 13 is an illustration of another state of light in the
vicinity of the recording medium in Fig. 1.

10 Fig. 14 is an illustration of an example of an arrangement
of partial holograms for R, G and B colors respectively formed
using the hologram forming apparatus according to the first
embodiment of the invention. |

Fig. 15 is a perspective view of an example of a reproducing

15 apparatus for reproducing a three-dimensional image from a
hologram formed using the hologram forming apparatus according
to the first embodiment of the invention.

Fig. 16 is an illustration of an example of another form
of hologram that can be formed by the hologram forming apparatus
20 according to the first embodiment of the invention.
Fig. 17 is an illustration of an example of the reproducing
apparatus for reproducing a three-dimensional image from a
hologram shown in Fig. 16.
Fig. 18 is a perspective view of a configuration of a

25 hologram forming apparatus according to a second embodiment of

the invention.



_medi um The hol ogram form ng apparatus according to the

I nvention forms a hol ogram by perform ng the operation of illum nating
a 10 part of a recording nediumwi th a plurality of beans of recording
Jight for formng a part of an interferenge pattern to record the part
of the interference pattern using the head a plurality of times while
changing the relative positional relationship between the head and
recording mediumw th the position change neans. 15 A et hod for
form ng a hol ogr arf¥@Ecd@diangan ciilnstnerden of a confiigurafioncef (e head ng
a hol ogram for reproducing a three- di mensi onal inmage by recording an
i nterferencelpafiesr n&.or generating reproduction |ight associated with
a desired t hr ee- di nensi onal inage when illum nated with reference
light for 20 repfigluco ba amidlnstoationy oftd shate ofhpahtial holmigrams s
recorded utilizing hol ography, in which an operation of il lumnating a

part of the fermediinge redordingtnediun usinhg ttheoholograbarming appanratiusy
light for formng a part of the interference pattern to record the

part of the asterdBignRe R is¥cdnds embb8dneRt of Stife plnveditilon.of tinmes
whil e changing the relative positional rel ati onshi p between the
recording medi um apglgf h®1 beang &ide view of a hologram forming apparatus
according to a third embodiment of the invention.
Fig. 22 is an illustration of a configuration of the head
in Fig. 21.
10
BEST MODES FOR CARRYING OUT THE INVENTION
Embodiments of the invention will now be described in detail
with reference to the accompanying drawings. Fig. 1 is a
perspective view of a configuration of a hologram forming
15 apparatus according to a first embodiment of the invention. Fig.
2 is a partially cutaway front view of the hologram forming
apparatus shown in Fig. 1. Fig. 3 is a. side view of the hologram
forming apparatus shown in Fig. 1. As shown in those figures,
the hologram forming apparatus according to the present
20 embodiment has: three pairs of cylindrical transport rollers 2a,
2b; 3a, 3b; and 4a, 4b for transporting a sheet-like recording
medium 1 in which information is recorded utilizing holography
from a supply pbrtion (not shown) to an ejecting portion (not
shown): a plate-like guide portion 5 provided in parallel with
256 the transport rollers 2a, 2b and 3a, 3b in the axial direction

thereof in a position under the recording medium 1 between the



7 recording |ight. O her objects, features and advant ages

‘of the invention w Il becone sufficiently apparent fromthe follow ng
descri ption. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
-perspective view of a configuration of altbol ogram form ng appar at us

according to a first enbodi nent of the I nventi on. Fig. 2is
a partially cutaway front view of the hologram 10 form ng apparatus shown

in Fig. 1. Fi%. 3 is a side view of the hol ogram form ng _
appar at us shemansport rplieygs 2a, 2b and transppgt rpllerng3al |3kt padiahegd a
configuration of the head in Fig. 1. 15 Fig. 5is a sectional

vi ew of an ek@rmtavisieda opposiyer twitire guidepporttdoneboviitingthe degoridingi g.
1.

medium 1 interposed therebetween for illuminating a part of the
recording medium 1 with two beams of recording light for forming
5 a part of an interference patfern to be recorded in the recording
medium 1 to thereby record the part of the interference pattern.

The hologram forming apparatus further has: a cylindrical
ultraviolet lamp 6 provided in a position above the recording
medium 1 between the transport rollers 3a, 3b and transport rollers

10 4a, 4b; acylindrical binch roller 7 provided under the ultraviolet
lamp 6 for holding the recording medium 1 in cobperation with the
ultraviolet lamp 6; a cylindrical heat roller 8 provided in a
position above the recordin_g medium 1 between the region of the
ultraviolet lamp 6 and pinch roller 7 and the region of the

15 transport rollers 4a, 4b; and a cylindrical pinch roller 9 for
holding the recording medium 1 in cooperation with the heat roller
8. The ultraviolet lamp 6 illuminates the recording medium 1 with
ultraviolet light, and the heat roller 8 applies heat to fhe
recording medium 1. They correspond to fixing means according

20 to the invention.

The hologram forming apparatus further has: two 'guide
shafts 1la, 11b provided in parallel with the transport rollers
2a, 2b and 3a, 3b in the axial direction thereof above the head
10; and a movable portion 12 movable along the guide shafts lla,

25 11b under the guidance of the guide shafts 1lla, 1lb. The head

10 is bonded to a lower end face of the movable portion 12 to be



Fig. 6 is a block diagramof a circuit configuration of the hol ogram
form ng apparatus according to the first enbodi nent of the i nvention.
20 Fig. 7 is a block diagramof a configuration of the detection
eircuit in Fig. 6. Fig. 8is ﬁ][flow chart of an operation of

t he hol ogram form ng apparatus accordrng to the first enbodi nent of
the i nvention. Figs. 9A through 9D are illustrations of a

met hod for formng 25 a hologram according to the first enbodi ment of the
i nvent i on anmoved withyethe ddvwables porddonng2a t hr ee- di nensi onal i nage from

a hol ogram 8 f or med
t her eby. Théi helogxam tfommigly BpPazxatus| Eustheribas afvaies atdidns
of the light source devices and spatial |ight nodulator in Fig: 1.

Fig. 11 i s amotbruiterstinaftelr mefierreitio lasatCN'T) LB fdr meeing Theimovdhsle
first enbodi nent of the invention.

portion 12 along the guide shafts 1la, 11b. The VCM 13 has: a

5 VCM yoke 14 provided above the guide shafts 1la, 11b in parallel

with the guide shafts 1la, 11lb; a VCM yoke 15 provided above the

VCM yoke 14 in parallel with the VCM yoke 14 with a predetermined

interval therebetween and coupled to the VCM yoke 14 at the ends

thereof; a plate-like VCM magnet 16 secured to the bottom surface

10 of the VCM yoke 15; and a voice coil 17.provided around the VCM

yoke 14 at a predetermined interval from the outer circumferential

surface of the VCM yoke 14. The voice colil 17 is bonded to an

upper end face of the movable portion 12. Fig. 1 omits the VCM

yoke 15 and VCM magnet 16. The VCM 13 having such a configuration

15 moves the head 10 in parallel with the guide shafts 11la, 11b. The

VCM 13 consi_::l.tutes position change mean.s according to the

invention flor changing the relative positional relationship
between the head 10 and rg_acording medium 1. |

The hologram forming apparatus further has: an R light

20 source device 21R for emitting coherent laser light in red

(hereinafter represented by "R"”); a G 1light source device 21G for

emitting coherent laser light in green (hereinafter represented

by "G"); a B 1light source device 21B for emitting coherent laser

light in blue (hereinafter represented by "B"): collimator lenses

256 22R, 22G, 22B for collimating the laser light emitted by the

respective light source devices 21R, 21G, 21B; a dichroic prism



Fig. 12 is an illustration of a state of light in the vicinity of the
recording nediumin Fig. 1. Fig. 13 is an illustration of

anot her state of light in the vicinity of the recording nediumin Fig.
1. 10 Fig. 14 is an illustration 211‘ an exanpl e of an arrangement

of partial holograms for R, G and B col or 2respectivel y formed usi ng
t he hol ogram form ng apparatus according to the first - enbodi nent of

t he inventi on. Fig. 15 is a perspective view of an exanple of a
reproduci ng 23R ajgory athdehf dightpinpiinges) throwghke thencollimator rieges f228m a
hol ogram formed using the hol ogram f orm ng apparatus accordi ng to the
first enbodi nentiichrohe pmismti23¢ upon which FEight l16mpingesi ithuretight ithe of
an exanpl e of another form of hol ogram that can be forned by the

hol ogr am f or neoll o ilens 22G; andoadteRl ot inyeptiismt 23Brapdnian clo 1 iigha:
I nvention. Fig. 17 is an illustration of an exanple of the

reproduci ng impimgss rtdinsudgho thiee o2 iifh Ber aléhs c228l) Mensi opal [ nmage froma
hol ogram shown in Fig. 16. Fig. 18 is a perspective view of a

configuraty on of a TES reFhestanyiPFIEm23BPRAGE Bddss BCLOGRE i Ras Yadida
enbodi nent of t he i nvention.

through the collimator lens 22B. The B light reflected by the

reflecting prism 23B impinges upon the. dichroic prism 23G sideways.

The dichroic priém 23G reflects G light which has passed through

the collimator lens 22G and transmits the B light from the

10 reflecting prism 23B. Both of the G light reflected by the

dichroic prism 23G and the B light transmitted by the dichroic

prism 23G impinge upon the dichroic prism 23R sideways. The

dichroic prism 23R reflects R light which has passed through the

collimator lens 22R and transmits the B light and G light from

15 the dichroic prism 23G. All of the R light reflected by the

dichroic prism 23R and the B light and G light transmitted by the

dichroic prism 23R exit the dichroic prism 23R in the same

direction. The hologram forming apparatus further has: a épatial

light modulator 24 for spatially modulating each of the beams of

20 1ight R, G, B from the dichroic prism 23R; and a reflecting prism

25 for reflecting light which has passed through the spatial 1light
modulator 24 to cause it to impinge upon the head 10.

The spatial light modulator 24 has a multiplicity of pixels

arranged in the form of a grid and can select the direction of

25 polarization of light emitted by each of the pixels to spatially

modulate light by means of the different polarizing directions.



Fig. 19 is an illustration of a configuratien—-of -the head.-.
in Fig. 18. Fig. 20 is an illustration of a state of partial
hol ogr ans formed in a recording medi um using the hdhi afB?emR ced
apparatus 5 according to the second enbodj nent of the |
Fig. 21 is a side view of a hol ogram for g apparatus 0 |a
third enbodi nrent of the invention. Fig. 22 is an |IIustrat|on of
a configuration of the head in Fig. 21. 10 BEST MODES FOR
CARRY! NG OUTFokEekaiird) Qihe spatial lighbovbdwlatomi24 specafioalby hasla now
be described in detail with reference to the acconpanyi ng draw ngs..
Fig. 1 is a configaerapieonhisimilastethatashbi Dlguid ocnystab displayoel ément ng
15 apparatus according to a first enbodi ment of the invention. Fig.

utilizing rotatory polarization of liquid crystals excluding the

polarizing plate. The spatial light modulator 24 is adapted to
5 rotate the. polarizing direction of each pixel at +90° when it is

off and not to rotate the polarizing direction when it is on. For

example, ferroelectric liquid crystals having a high response

speed (on the order of microsecond) may be used as the liquid .

crystals of the spatial 1light modulator 16. This allows recording
10 at a high speed.

A configuration of the head 10 will now be described with
reference toFig. 4. The head 10 has: an objective lens 32 provided
in a face-to-face relat:l.onship_with the recording medium 1; an
actuator 33 movable in the direction of the thickness of the

15 recording medium 1 and the transporting direction of the same;
and a double optically rotating plate 34, an S-polarized hologram
35, a beam splitter 37, a convex lens 38, a cylindrical lens 39
and a quadruple photodetector 40 which are disposed on the side
of the objective lens 32 dpposite to the recording medium 1 in

20 the order listed that is the order of their closeness to the
objective lens 32.

The beam splitter 37 has a half-reflecting surface 37a
provided at an angle of 45° to the direction of the optical axis
of the objective lens 32 for reflecting a part of the quantity

25 of light incident thereupon and for transmitting a part of the

quantity of light. The light from the reflecting prism 25 in Fig.



2 is a partially cutaway front view of the hol ogram form ng appar at us
showmn in Fig. 1. Fig. 3 is a side view of the hol ogram form ng
apparatus shown in Fig. 1. As shown in those figures, t he hol ogram
form ng apparatus according to the pr eserlt 20 enbodi nent has: three pairs
of cylindrical transport rollers 2a, 42b; 3a, 3b; and 4a, 4b for
transporting a sheet-1like recording medium 1 in which information is
recorded utilizing hol ography froma supply portion (not shown) to an
ej ecting porliimpifuges upon thHephepm splitter 3i7keidewvalys p@nd enpdrprofy/ithed i n
parallel with 25 the transport rollers 2a, 2b and 3a, 3b in the axial
direction quantietyof light psydfilecteddsy thechakt-orelilegting sarfade B3%acn

t he 10 . transport rollers
2a, 2b and ttenomirnge Apoty theéas-pblafigled Weksgram 35.0 provi ded opposite
to the guide portion 5 with the recording medi um 1 i nterposed

t her ebet ween for iTﬂerLFanhﬂﬂzadmbg;ehmtmhas a 1efs0hilidif oiPto Wonvetigeh
two beans of recording light for forming 5 a part of an interference
pattern o benlfEpgtrikdd@14RE0" WHth P-polarized light in the form of
parallel beams from the beam splitter 37 impinges upon the S-
polarized hologram 35, the light passes through the S-polarized
hologram 35 in the form of parallel beams to be collected by the
objective lens 32 and projected upon the recording medium 1. The
10 1l1light convergingly passes through the recording medium 1 and
converges to a minimum diameter at the further side of the
recprding medium 1. When S-polarized light in the form of
parallel beams from the beam splitter 37 impinges upon the S-
polarized hologram 35, the light is slightly converged by the
15 S-polarized hologram 35 and then collected by the objective lens
32 to be projected upon the recording medium 1. ' The 1light
temporarily converges to a minimum diameter before the recording
medium 1 and thereafter divergingly passes through thé recording
medium 1.
20 S-polarized 1light is linear polarized light whose
polarizing direction is perpendicular to the plane of incidence
(the plane of Fig. 4), and P-polarized light is linear polarized
light whose polarizing direction is in parallel with the plane
of incidence.

25 The double optically rotating plate 34 has: an optically

rotating plate 34L provided on the left side of the optical axis



.medium 1 to thereby record the part of the interference—patter
The hol ogram form ng apparatus further has: a cylindrical_. g
| anp 6 provided in a position above the recording ST P
dransport rollers 3a, 3b and transport rqllers 10 4a, 4

pinch roller 7 provided under the ultravi®l et | anp 6
recording medium 1 in cooperation with the ultraviolet |anp
cylindrical heat roller 8 provided in a positi on above the. recording
medi um 1 betimd¥ig.hd:r egdoanoéptically rotating plate| 4R Erawidied oohthel | er
7 and the region of the 15 transport rollers 4a, 4b; and a cylindrical

pi nch rol | errgltoside of lthiedopticalk axdsoinlFig.nddi (helophicably ratiaddng t h

the heat roller 8. The ultraviolet lanp 6 illum nates the recording
nedi um 1 w tplate 34Uiriotates £polaghiingadrebeibralt +489, cindtRepptdcalagt to
t he - recording medium 1. They correspond to fixing neans according 20
to the invengd®dting plate 34RI8tBE804 apolLF18 1ty ANRVELoh her as?, has:
two gui de shafts 1la, 11b provided in parallel wth the transport
rollers 5 2a, Zimfd¥hatdon3Borntidtkiny sbrdbl &d iaadreker eoforhovior e
head 10; and a novable portion 12 novabl e al ong the guide shafts 11la,

25 11b undereddiaditii9ARRe ebrhhsr vt sdigitsl §a, attngdd &3t lower
end of the guide portion 5 in the moving direction of the head
10. The illuminated light converged by the objective lens 32 to
a minimum diameter at the further side of the recording medium
10 1 is reflected by the lower end of the guide portion 5 to become
return light modulated by the embossed pits 5a, to impinge upon
the objective lens 22. The return light passes through the double
optically rotating plate 34 and the S-polarized hologram 35 to
impinge upon the beam splitter 37, and a ﬁart of the quantity of
15 light is transmitted by the half-reflecting surface 37a to impinge
upon the quadruple photodetector 40 after passing through the

convex lens 38 and cylindrical lens 39.
As shown in Fig. 7, the quadruple photodetector 40 has four
light-receiving portions 40a through 404 divided by a division
20 1line 40A in parallel with the moving direction of the head 10 and
a division line 40B orthogonal thereto. The cylindrical lens 39
is provided such that the central axis of the cylindrical surface
thereof is at an angle of 45° to the division lines 40A and 40B

of the quadruple photodetector 40.

25 An example of a configuration of the recording medium 1 will

now be described with reference to Fig. 5. Color three-



10 is bonded to a |lower end face of the novable portion 12 to be

noved with the novable portion 12. The hol ogram f orm ng
apparatus further has a voice coil notor (hereinafter referred to as
<VCM') 13 for noving the novabl e portion 12 al ong the guide shafts
1lla, 11b. The VCM 13 has: a 5 VCM yoke 19 provi ded above the guide shafts
1la, 11b in parallel with the guide shafts 1l1la, 11b; a VCM yoke 15
provi ded above the VCM yoke 14 in parallel with the VCM yoke 14 with a
predet er m nedﬂ.mensidmﬂeﬁ.mabet Toref ety tioen candbe arguicardieio on hand/Edproidaced at
t he ends thereof; a plate-like VCM nmagnet 16 secured to the bottom
surface 10 £xdémthe ﬁ@dxsﬁﬂr@ médiand shown da Bigl) 517 Theovederd ing med iire
VCM yoke 14 at a predetermined interval fromthe outer circunferenti al

surface of thagVEdiyed byl dtadheny ticlogran ldyetrs S2B10652Giand62R in wiiedy
end face of the novable portion 12. Fig. 1 omts the VCM yoke 15 and

VCM magnet 1fnfdfmatddd 18s havcbedsdCcn? 1) f £Qkh abEOR Erediaferisi®naaad
10 in parallel with the guide shafts 1la, 11b. The
5 interference pattern using volume holography and a protection
layer 53 in the order listed on one surface of a transparent base
material 51. Each of the hologram layers 52B, 52G and 52R is formed
of a hologram material whose optical characteristics such as the
refractive index, permittivity and reflectivity change depending
10 on the intensity of light illuminating the same. It should be
noted here that the optical characteristics of the hologram layer
52B are changed only by B light; the optical characteristics of
the hologram layer 52G are changed only by G 1light; and the optical
characteristics of the hologram layer 52R are changed only by R
15 1light. For example, photopblymers are used as the hologram
materials.

When the recording material 1 is to allow recording and
reproduction of monochromatic three-dimensional image
information, the hologram layers 52B, 52G and 52R may be replaced

20 with a single hologram layer whose optical characteristics change
depending on the light used.

Fig. 6 is a block diagrain of a circuit configuration of the
hologram forming apparatus according to the present embodiment.
As shown in Fig. 6, the hologram forming apparatus has: a detection

25 circuit 61 for detecting a focus error signal FE, a tracking error

signal TE and a reproduction signal RF from an output signal of



VCM 13 constitutes position change neans according to the i nvention.. .

for changing the relative positional relationship . between the head 10
and recordi ng nmedi um 1. The hol ogram form ng @&u&sﬁewkdpbced

lras: an R light 20 source device 21R for ¢7mtt| ng coheren
red (hereinafter represented by "R) a Glight sourc

em tting coherent laser light in green (hereinafter repres

"G'); a B light source device 21B for emtting coherent | aser I |ght in.
bl ue (her ei natheheadhlosontiotusyséBrd ;clomuiitnéRofox pex€ormihg La¢us Z¥@vo22B
for collimating the laser light emtted by the respective |ight source
devi ces 21R By @drixiBy thelachnatorB3 1m the head 11 based on the focus error

12 23R upon whi ch light inpinges through the collimtor |ens 22R

a dichroic présgn@BEFEpastebted byglthe rgdt@adcn ' @utuilthesl to mekei EMeOr

| ens 22G and a reflecting prism 23B upon which |ight I mpi nges t hrough

the col | i mat opbjedivlBlens 532 in thEh@air@idtadn NSE PEhE "tRBExhESS €6ES the
| i ght which has passed
5 recording medium 1; and a tracking servo circuit 63 for performing
tracking servo by driving the actuator 33 in the head 11 based
on the tracking error signal TE detected by the detection circuit
61 to move the objective lens 32 in the direction in which the
recording medium 1 is transported.

10 The hologram formi_ng apparatus has a signal processing
circuit 64 for reproducing a basic clock and determining an addréss
from the reproduction signal RF from the detection circuit 61 and

- has a controller 65 for controlling the h'ologfam forming apparatus
as a whole. The controller 65 receives input of the basic clock

15 and address information outputted by the signal processing
circuit 64 and controls the VCM 13, R light source device 21R,
G light source device 21G, B 1ight source device 21B, spatial light
modulator 24, transport device 20, ultraviolet lamp 6 and heat
roller 8. The transport device 20 is a device for transporting

20 the recording medium 1 from a supply portion (not shown) to an
ejeéting portion (not shown) and includes transport rollers 2a,
2b; 3a, 3b; and 4a, 4b. The transport device 20 constitutes
position change means according to the invention.

The controller 65 has a funct:l.on of receiving input of

25 three-dimensional image information 67 from the outside and

calculating a modulation pattern for information light for



I hrough the collimator lens 22B. The B light reflected by the

reflecting prism 23B i npi nges upon the dichroic prism 23G sideways.

The dichroic prism23Greflects G Ilight which has passed through t he
collimator lens 22G and transmts the B Ii%ht fromthe 10 reflecting

prism23B. Both of the GIlight reflected®y the di chroic prism 23G
and the B light transmtted by the dichroic prism 23G i npi nge upon the
di chroic prism 23R sideways. The dichroic prism23R reflects R |ight

whi ch has pavecdrding bpgsedon the thré¢endinensional imagedinformationiéib. B
light and Glight from 15 the dichroic prism23G Al of the R Iight
refl ected by the The atiniatwrc3p; idehe2¥RoancitdwiB 6lli, givcusge®vbi gintcuit

transmtted by the dichroic prism 23R exit the dichroic prism23R in
t he sane 620ané ciravkinghsebob ogirruiito 63 ograggpond o pbostibionhesntrol
spati al | i ght nodul ator 24 for spatially nodul ating each of the beans

of 20 |ighimeBnsGacBotdDigtfe the InMemtibnsm 23R, and a reflecting prism
25 for reflecting |ight which has passed through the spatial |ight

nodul ator524 to caghe hbloé§ramPEdEint dppadiatieadutfher has an opdFéting
spatial light nodulator 24 has a multiplicity of pixels arranged in

][ ihe form of g,o%'aena@@l ﬁﬁnﬁis{riéiné Rear i RC §h 908 rAbtidRs RY dhkeZ8bhFoPier
ght emtted by each of the pixelsS to spatially
65. The controller 65 has a CPU (central processing unit), a ROM
(read only memory) and a RAM (random access memory), and the CPU
executes programs stored in the ROM using the RAM as a work area
10 to achieve the functions of the controller 65. |
Fig. 7 is a block diagram showing a configuration of the
detection circuit 61 for detecting the focus error signal FE,
tracking error signal TE and reproduction signal RF based on the
output of the quadruple photodetector 40. The detection circuit
15 61 has: an adder 41 for adding the output of each of the diagonal
light-receiving portions 40a and 40d of the quadruple
. photodetector 40; an adder 42 for adding the output of each of
the diagonal light-receilving portions 40b and 40c of the quadruple
photodetector 40; a subtfactér 43 for calculating the difference
20 Dbetween the outputs of the adders 41 and 42 to generate the focus
error signal FE based on a stigmatic method; an adder 44 for adding
the output of each of the light-receiving portions 40a and 40b
of the quadruple photodetector 40 which are adjacent to each other
in the moving direction of the head 10; an adder 45 for adding

26 the output of each of the light-receiving portions 40c and 404

of the quadruple photodetector 49 which are adjacent to each other



nodul ate |ight by neans of the different polarizing directions.

13 For exanple, the spatial |ight nodul ator 24 specifically has a
configuration simlar to that of a liquid crystal display el enent
utilizing rotatory polarization of liquid crystals excluding the

pol ari zing plate. The spatial |ight modul Bor 24 is adapted to 5 rotate
the polarizing direction of each pixel at +90[err] when it is of f and
not to rotate the polarizing direction when it is on. For exanpl e,
ferroel ectri tnl thei covingt direbfiiongofi thghheadpdfse a subtyacten dé tfor
order of mcrosecond) nmay be used as the |liquid crystals of the
spatial |ightalodLabing the dilfferaehteVisetwemnr dhegoutputd of lthghadfdersl.44

A configuration of the head 10 will now be described with reference to

Fig. 4. The haadslfo generate thectidokinPetrer shgnal d®based oha push-pull
face-to-face relationship with the recording nedium 1; an actuator 33

nmovabl e in tpetHbacCAn®arPaddee 4P fdawiinly the odfput£ &F ¢heJadaéeisn4l
and the transporting direction of the sane;

5 and 45 to generate the reproduction signal RF. In the present
embodiment, the reproduction sigﬁal RF is a signal which is the
reproduction of the information recorded in the embossed pits 5a
of the guide portion 5.

An operation of the hologram forming apparatus according

10 to the present embodiment will now be described. The foliowing
description will also refer to a method for forming a hologram
according to the embodiment. An operation of the hologram forming
apparatus will be first briefly described with reference to Figs.
8 and Figs. 9A through 9D. Fig. 8 is a flow chart of an operation

15 of the hologram forming apparatus according to the present
embodiment, and Figs. 9A through 9D are illustrations of a method
for forming a hologram according to the preéent embodiment and
amethod for reproducing a three-dimensional image £from a hologram
formed thereby.

20 In the hologram forming apparatus of the present embodiment,
the controller 65 first calculates a three-dimensional
interference pattern for generating reproduction 1light
associated with a desired three-dimensional image when the
recording medium 1 is illuminated with reference light for

25 réproduction (step S101). Specifically, the technique of

computerized holography is applied to reference light 201 and



.and a double optically rotating plate 34, an S-polarized hol ogram 35,
a beamsplitter 37, a convex lens 38, a cylindrical |ens 39 and a
guadr upl e phot odetector 40 which are di sposed on the side of the

0bj ective lens 32 opposite to the recordivzlbg mediuml in 20 the order
listed that is the order of their closenéSs to the obj ective | ens 32.
The beam splitter 37 has a half-reflecting surface 37a provi ded at an
angle of 45[err] to the direction of the optical axis of the objective
| ens 32 for okjecttlhghth 283t fifom ha dhaxeerdymensional | igagei 202dche be

t hereupon and for transmtting a part of the quantity of light. The
i ght from tiepreddresid whiphi ane 2issumeld o be present as shown in Fig. 9A

14 1 inpinges upon the beamsplitter 37 sideways, and a part of the
quantity of toglculatef acthrak-diniehsibabl- intérfdreryes patteen3¥d whichi 0

| mpi nge upon the S-polarized hol ogram 35. The S-polarized

hol ogr am 35 WBEl del fo¥mdd ifit tHEré6oLaivg hedium DwhenEHwiratoraing ngd@iam/Mhen
P-pol arized light in the form of
5 1 is illuminated with the reference light 201 and object light
203. While the reference 1ight inFig. 92 is aséumed tobe parallel
light, the reference light may be divergent light or convergent
light.
For example, the calculation of the three-dimensional
10 interference pattern 204 is specifically carried out as follows.
First, on a predetermined plane on which a coordinate is
represented by (x, y)., amplitude and phase information of the
reference light 201 and object 1light 203 is respectively
represented by R,(x, y) and 0,(x, y) and expressed by the following
15 equations. 1In the following equations, r, and o, represent
amplitudes, and ¢, and ¢,, represent phases.
R, (%, ¥) = ri(x, y)exp{ids(x, ¥)}
0, (x, ¥) = o,(x, yv)exp{jb,(x, ¥)}

When the reference light 201 and object 1ighf. 203 interfere
20 with each other on the predetermined plane, intensity of light
I,(x, y) on the predetermined plane is expressed by the following
Equation (1):
I,(x, ¥) = {r(x, Y)Y + {o(x, V)V
+ 2r,(x, y)o,(x, v)cos(de - ¢o)  ...(1)
25 The three-dimensional interference pattern 204 in the

recording medium 1 can be calculated by calculating intensity of



parallel beans fromthe beamsplitter 37 inpinges upon the S-

pol ari zed hol ogram 35, the |ight passes through the S-polarized

hol ogram 35 in the formof parallel beans to be collected by the

objective Il ens 32 and projected upon the recording nedium 1. The 10 |ight
convergi ngly passes through the recordi ngé]’redl um 1 and converges to a
m ni mum di anmeter at the further side of the recordi ng nmedium 1. Wen
S-polarized light in the form of paral |l el beans fromthe beamsplitter
37 inpinges lpghtthd=xS-y) forpeaehicld pllwmlaty3of phanesgassumed|iqlhe vy
converged by the 15 S-polarized hologram 35 and then collected by the

obj ective | epgesent 33 thebaemorddingecthediam tihe Theorakpld tudei wmdl. phdse

| i ght tenporarily converges to a mninmum di anmeter before the recording
medi um 1 andihfertatien oli(xsr ¢) ngE ythesstefedthldighit 208 magobedi calculated
medium 1. 20 S-polarized light is [linear polarized |ight

whose PBhaktzonJthe ' Effofiat orPfPahe thiree-aemehisiohaneindge NEs dseice
(the plane of Fig. 4), and P-polarized light is linear polarized | i ght
whose polgri Zebﬁﬂoéhééét(é"b' S tHreR2GamkRbivhal 1Ky R to beOprodéssiaace.
25 The doubl e optlcally rotating plate 34 has: an optically .

rotating plabg F4onghdrded PRetdifpilitiideshfld PladdaneBihathod R Ix, v) of
the reference light 201 may be determined in advance.

ﬁext, as shown in Fig. 9B, the controller 65 divides the

three-dimensional interference pattern 204 into partial

10 interference patterns 205 (step S102). In the present embodiment,

the partial interference patterns 205 are parts of the three-

dimensional interference pattern 204 as shown in Fig. 9B and are

three-dimensional interference pai:terns in regions in the

recording medium 1 where two beams of recording light emitted by

15 the head 10 overlap. Hereinafter, one of the two beams of

recording light is referred to as “reference light for recording”,

and the other is referred to as "information light for recording”.

Next, the controller 65 calculates the reference light for

recording and information light for recording for each of fhe

20 partial interference patterns 205 (step S103). For example, this

is specifically performed as described below. First, on a plane

in which a coordinate is represented by (x, y)., the amplitude and

phase information of the reference light for recording is

represented by R,(xX, y) and the amplitude and phase information

25 of the information light for recording is represented by and 0,(x,

v). which are respectively expressed by the following equations.



.15 in Fig. 4; and an optically rotating plate 34R provided on the

right side of the optical axis in Fig. 4. The optically rotating pl at e
34L rotates a polarizing direction at -45, and the optically rotating
-plate 34R rotates a pol ari zing directiong@t +45[err]. 5

I nformation for tracking servo and addre information is recorded in
the form of enbossed pits 5a arranged on the | ower end of the guide
portion 5 in the noving direction of the head 10. The il lum nated

| i ght converkrdhey foldowbngceiuations, 32 and o, representnampliitudes, andt he
further side of the recording nedium 10 1 is reflected by the |ower end
of the gui dejpaird @3, Tepresentnphases.return |ight nodul ated by the
enbossed pits 5a, to inpinge upon the objective lens 32. The return

| i ght passes through(kheygloubtfx, y)ekp{Hea(ky yptating plate 34 and the
S-pol ari zed hologram 35 to | npi nge upon the beamsplitter 37, and a

part of the quantigy (ff y}5=!bgl, y9ekb¥A§ (ki eg)Py the half-reflecting
surface 37a to inpinge

5 When the reference light for recording and the information
light for recording interfere with each other on the predetermined
plane, intensity of light I,(x, y) on the predetermined plane is
expressed by the following Equation (2):

L(x, ¥) = {r;(x, ¥)F + {o0,(x, ¥)}
10 + 2r,(x, v)o,(x, y)cos(¢s, - ) ...(2)
Since the intensity of light I,(x, y) on each of the planes
assumed to be present in the partial interference pattern 205 has
already been obtained from Equation 1, the reference light for
recording and the information light for recording are calculated

15 for each of the planes such that I,(x, y) =I1,(x, y) or I,(x, y) " I,(x,
Y) will be satisfied. In this case, the calculation is simple
if the reference light for reco'rding is uniform light or light
which is in a constant relationship with the information light
-for recording.

20 Next, according to the result of the calculation of the
reference light for recording and the information light for
recording, the controller 65 calculates a modulation pattern that
provides desired reference light for recording and information
light for recording, and controls the spatial light modulator 24

26 using the modulation pattern to illuminate the recording medium

1 with reference light 206 for recording and information light



upon the quadrupl e photodetector 40 after passing through the convex
|l ens 38 and cylindrical |ens 39. As shown in Fig. 7, the

guadr upl e phot odetector 40 has four | i ght-receiving portions 40a

1 hrough 40d divided by a division 20 Ii?4OA in parallel with the noving
direction of the head 10 and a divislon line 40B orthogonal thereto.
The cylindrical |ens 39 - i's provided such that the central axis of the
cylindrical surface thereof is at an angle of 45 to the division |lines
40A and 408 207 £oat TenerdlngAsFRoWm dRoRigeir TouS. ach of theypastiadl o
of a configuration of the recording nedium11 wl| now be descri bed
with ref er entetexferqnpce pattepngr2Qiigeactually recorded in the recording

16 di mrensi onal image information can be recorded on and reproduced
from t he recvediuny lIedndrparthalrhélodgrans mssbiedatedovilthgthe dragpectivel i s
formed by stacking hologram |l ayers 52B, 52G and 52R i n which
i nf or nat i on partikxbriteerfierencef patterna 205 e theratmaf e referread dof @sence
pattern using vol une hol ography and a protection
5 T"partial holograms”) are sequentially formed (step S104) to form
a hologram as a whole.
In the present embodiment, since the recording medium 1 is
illuminated with the reference light 206 and information light
207 for recording on the same side thereof, the hologram thus
10 formed is a transmission type (Fresnel type) hologram.
To reproduce the three-dimensional image 202 from a
hologram 211 (recording medium 1) thus formed, the hologram 211
may be illuminated with reference light for reproduction in the
same direction as the reference light 201 in Fig. 9A, or may be
15 illuminated with reference light 212 for reproduction in the
direction opposite to that of the reference light 201 as shown
in Fig. 9D. When the hologram 211 is illuminated with the
reference light for reproduction in the same direction as the
reference light 201, the three-dimensional image 202 will appear
20 as a virtual image above the hologram 211 when viewed from below
the hologram 211 in Fig. 9D. As shown in Fig. 9D, when the hologi:am
211 is illuminated with the reference light 212 for reproduction
in the direction opposite to that of the reference light 201, the
three-dimensional image 202 appears as a real image above the

26 hologram 211 when viewed from above the hologram 211.

The operation of the hologram forming apparatus according



.layer 53 in the order listed on one surface of a transparent base

mat eri al 51. Eachofthehol ogram | ayers 52B, 52G and 52R i sf or ned of a
hol ogram mat eri al whose optical characteristics such as the refractive
-index, permttivity and reflectivity cha&%e depending 10 on the intensity
of light illumnnating the same. It shou be noted here that the
optical characteristics of the holograml ayer 52B are changed only by
B light; the optical characteristics of t he hol ogram | ayer 52G are

changed onl yt®hhe embediment wild new ikepfescribedimmore detaklas FAzst,
hol ogram | ayer 52R are changed only by R 15 Ilight. For exanple,

phot opol ynerthear dologdrams fowmbng oppparatus naceording to the prewentthe
recording material 1 is to allow recording and reproduction of
nonochr onmat i embodimerdt: disnreapabhel of fiomgng a holofgvamefram, whivh l&icodoam

| ayers 52B, 52G and 52R nmay be replaced 20 with a single hologram ]l ayer
whose opti cathrderdintensionads imagagean be slepeoduced on Theaxelfioglt, daedhe
Fig. 6 is a block diagramof a circuit configuration of the hol ogram
form ng &ppaprésentacembdingend, t holpotamst fyeurlidtad . with R)S ehcwmd i B

Fig. 6, the hologramform ng apparatus has: a detection 25 circuit 61 for
detecting a {16ae-EinesiDn@Nalimalgesa thadC ot &f 'édlor three-dimensional
image are respectively formed in the hologram layers 52R, 52G and
52B of the recording medium 1. In the present embodiment,
specifically, a hologram in each of R, G and B colors is formed
10 by forming a partial hologram in each of R, G and B colors on a
time division basis.

For this purpose, the light source devices 21R, 21G and 21B
respectively provided for R, G and B colors and the spatial light
modulator 24 are controlled as shown in Figs. 10A through 10D.

15 Specifically, as shown in Fig. 10D, the spatial light modulator
24 is driven repeatedly in a modulation pattern for the partial
hologram associated with the R image, a modulation pattern for
the partial hologram associated with the G image and a modulation
pattern for the partial hologram associated with the B image at

20 a constant cycle. As shown in Fig. 10A, the R light source device
21R emits R light at timing when the spatial light modulator 24
is driven in the modulation pattern associated with the -partial
hologram for the R image. Similarly, as shown in Fig. 10B, the
G light source device. 21G emits G 1light at timing when the spatial

25 1light modulator 24 is driven in the modulation pattern associated

with the partial hologram for the G image and, as shown in Fig.



signal TE and a reproduction signal RF from an output signal of

17 the head 10; a focus servo circuit 62 for performng focus servo
by driving the actuator 33 in the head 10 based on the focus error

signal FE detected by the detection ci rc§% 61 to rmve t he obj ective
lens 32 in the direction of the thickness™of the recordi ng nedi um 1;
and a tracking servo circuit 63 for performng tracki ng servo by
driving the actuator 33 in the head 10 based on the tracking error

si gnal TE del®@@t ethépB lAighlicseurde desiceuRiB emits B tid ghtyvatt himbhg athen e
lens 32 in the direction in which the recording medium1l is

transport ed. thé@patial 1ight moflugator Rdrid dyivpparathe nedulatiogpdattern
processi ng circuit 64 for reproducing a basic clock and determ ning an
addr ess agsociated nebirtocihet ipartiadnhbl&gramofior hehelB cadagen circuit 61
and has a controller 65 for controlling the hol ogramform ng apparatus
as a whol e. The corphrd prefent embodtmendpachi of thebhsgltt soatise dévicusl

address information outputted by the signal processing

5 21R, 21G and 21B emits S-polarized light. The R light emitted
by the R light source device 21R is collimated by the collimator
lens 22R and reflected by the dichroic prism 23R to impinge upon
the spatial light modulator 24. The G 1light emitted by the G 1ight
source device 21G is colliniated by the collimator lens 22G,

10 reflected by the dichroic prism 23G and transmitted by the dichroic
prism 23R to impinge upon the spatial light modulator 24. The
B light emitted by the B light source device 21B is collimated
by the collimator lens 22B, reflected by the reflecting prism 23B
and transmitted by the dichroic prisms 23G and 23R to impinge upon

156 the spatial light modulator 24. The light spatiaily modulated
by the spatial light modulator 24 is refleci_:ed by the reflecting
prism 25 to impinge upon the head 10. The light spatially
modulated by the spatially light modulator 24 is light which is
set at S-polarization or P-polarization depending on pixels.

20 A definition will be given with reference to Fig. 11 to terms
“"A-polarized light” and "B-polarized light” which will be used
in the following description. A-polarized light 1is linear
polarized light obtained by rotating the polarizing direction of
S-polarized 1ight at -45° or by rotating the polarizing direction

26 of P-polarized light at +45°, and B-polarized light is linear

polarized light obtained by rotating the polarizing direction of



circuit 64 and controls the VCM 13, R light source device 21R G |ight
source device 21G B light source device 21B, spatial |ight nodul at or
24, transport device 20, ultraviolet lanp 6 and heat roller 8. The

~transport device 20 is a device for transi)é)rti ng 20 the recording nedium1l

froma supply portion (not shown) to an ej ecting portion (not shown)
and includes transport rollers 2a, 2b; 3a, 3b; and 4a, 4b. The
transport device 20 constitutes posi ti on change neans according to the
i nvention. S-polarizedidghtrdt aldb8or6by hatatihgnthe molatrizdngi ddreptigmit

of 25 three-dinensional imge information 67 fromthe outside and

cal cul ati ng efnP<poEdrided dtightnat or45Mf orhatpsiadizghg detrections of the

18 recordi ng based on the three-di nensional inage information 67.
The act uat or ASpolarized iXight rand B-pélatized Xeghto avier orthogonal 68b aath
tracking servo circuit 63 correspond to position control means

accordi ng t ootherli nventi on.

5 Light incident upon the head 10 impinges upon the beam
splitter 37 sideways, and a part of the quantity of light is
reflected by the half-reflecting surface 37a to impinge upon the
S-polarized hologram 35. The P-polarized light included in the
light incident upon the S-polarized hologram 35 passes through

10 the S-polarized hologram 35 as it is in the form of parallel beams.
In the present embodiment, this light is the reference light for
recording. The reference light for recording impinges upon the
double optically rotating plate 34. A part of fhe light which
has passed through the optically rotat;l.ng plate 34L is subjected

15 to rotafion of the polarizing direction at -45° to become B-
polarized light, and a part of the light which has passed through
the optically rotai::l.ng plate 34R is subjected to rotation of the
polarizing direction at +45° to become A-polarized light. The
reference light for recording is collected by the objective lens

20 32 to illuminate the recording medium 1. It convergingly passes
through the recording medium 1 and converges to a minimum diameter
at the further side of the recording medium 1.
The S-polarized light included in the light_incident upon
the S-polarized hologram 35 is slightly converged by the S-
25 polarized hologram 35. In the present embodiment, this light is

the information light for recording. The information light for



:5 The hol ogram form ng apparatus further has an operating

portion 66 for providing various instructions to the controller 65.
The controller 65 has a CPU (central processing unit), a ROM (read
only nenory) and a RAM (random access nenpgry), and the CPU execut es
prograns stored in the ROM using the RAM®ds a work area 10 to achieve the
functions of the controller 65. Fig. 7 is a block diagram
showi ng a configuration of the detection circuit 61 for detecting the
focus error récordimgrimpingesrupdn thecdoubleiqptiicallyandtatingiateds.
signal RF based on the out put of the quadruple photodetector 40. The
det ecti on ciA pairt ofl thé 1iight: whaichahas passeficthrodgbnthe bptdgaply rottaddalg of
t he di agonal | i ght-receiving portions 40a and 40d of the quadruple
phot odet ect oplaife 3L dédsubjécted taldroimtiiion oft phe pélaxidinmg directiion

di agonal light-receiving portions 40b and 40c of the quadruple

phot odet ect oat 4&5° xS vBEORE t@?d@l&ﬂi@b&!ﬂi@% Alahlda pae-tdof ftdieCIEght Ahich
bet ween the outputs of the adders 41 and 42 to generate the focus

error si gnalnds passed thréugh ithEbpEisRIIPYFotaltiaddslate! 3urr iadtibiected
t he output of each of the light-receiving portions 40a and 40b of the

quadr upl e phgg odst £E1 84 ﬁp %Cﬁoﬂfﬁ.?ﬂifcﬁ}}eéﬁ&ﬁ% UL to becohe! B
noving direction of the head 10; an adder 45 for adding 25 the output of
each of the poodtiz&Eeh ghRE. POr Thansi ¥ mtd ofl0d1ight for recording is
collected by the objective lens 32 to illuminate the recording
medium 1. It temporarily converges to a minimum diameter before
10 the recording medium 1 and thereafter divergingly passes through
the recording medium 1.

As described above, according to the present embodiment,
the reference light for recording and the information light for
recording illuminate the recording medium 1 on the same side

15 thereof such that the optical axes of those beams of light are
located on the same line.

Figs. 12 and 13 are illustrations of states of 1light in the
vicinity of the recording medium 1. 1In those figures, the
-feference number 71 represents P-poiarized light; the reference

20 number 72 represents S-polarized light; the reference number 73
represents A-polarized 1light; and the reference number 74
represents B-polarized light. As shown in Fig. 12, reference
light for recording which has passed through the optically
rotating plate 34R and information light for recording which has

2b passed through the optically rotating plate 34L interfere with

each other because they are both A-polarized 1light, and the pattern



.of the quadrupl e photodetector 49 which are adjacent to each ot her
19 in the nmoving direction of the head 10; a subtracter 46 for
calculating the difference between the outputs of the adders 44 and 45
10 generate the tracking error signal TE Rased on a push-pull met hod,;
and an adder 47 for adding the outputs o he adders 44 5 and 45 to
generate the reproduction signal RF. In the present enbodi nent, the
reproduction signal RF is a signhal which is the reproduction of the
i nf or mat i on eEcthaldnterfierencebdssrecerded sip the rerorfgingupediymrl o@ss.
An operation of the hologramform ng apparatus according 10 to the present
enbodi nent wshéwmdm Bigdekts refarefbe Xighb Fomgrecording whilphi has padsed so
refer to a nethod for form ng a hol ogram according to the enbodi nent.
An oper at i onthifoudle the opticaildynrotating pimter 34hsandl infermation Gdighftd v
described with reference to Figs. 8 and Figs. 9A through 9D. Fig. 8 is
a flow chartfof pecapdimg iwhich has passed through the optically rotating
5 plate 34R interfere with each other because they are both B-
polarized light, and the pattern of the interference is recorded
on the recordihg medium 1. Thus, partial holograms are formed
in the recording medium 1.
More specifically, when the reference light for recording
10 and the information light for recording are R light, a partial
hologram is formed on the hologram layer 52R in Fig. 5. When the
reference light for recording and the information light for
recording are G light, a partial hologram is formed on the hologram
layer 52G in Fig. 5. When the reference light for recording and
156 the information light for recording are B 1light, a partial hologram
is formed on the hologram layer 52B in Fig. 5.

The reference light for recording is reflected by the lower
end of the guide portion 5 and is turned into return light which
has been modulated by the embossed pits 5a. No interference

20 occurs between A-polarized return light associated with the
reference light for recording which has passed through the
optically rotating plate 34R and B-polarlized information light
for recording which has passed through the optically rotating
plate 34R because they cross each other. Similarly, no

256 interference occurs between B-polarized return light associated

with the reference light for recording which has passed through



15 of the hol ogram form ng apparatus according to the present

enbodi nent, and Figs. 9A through 9D are illustrations of a nethod for
form ng a hol ogram according to the present enbodi nent and a met hod
for reproducing a three-di nensi onal inmag rom a hol ogram f or med

t hereby. 20 I n the hol ogram f or maYg apparatus of the present

enbodi nent , the controller 65 first calculates a three di nensi onal
interference pattern for generating reproduction lig associ at ed

wth a deS|rEth?PEiF%ﬂ*Ewﬁﬁtﬁﬁﬂngrﬁ%ﬁ? tg3nd A- P°#4§Rﬂﬁﬁlﬁ? atdon i s
illumnated wwth reference light for reproduction (step S101).
Speci fi cal | ylighteforcmecording whidhxhﬁﬂnnmsae@ kbroyghpithei optgaldy t o
reference |ight 201 and 20
obj ect |i ght retatingplate3dd. Hhecanseovheyi cnges X¥Ech other. represented
whi ch are assuned to be present as shown in Fig. 9A to calculate a
t hr ee- di nensi onal Thé erdaoxting mediam 0k wiraisportedviy the ftaramspont t he
recordi ng medium 1 when the recordi ng nedi um
5 device 20, and the transport device 20 keeps the recording medium _
1 stationary while the head 10 forms partial holograms for one
line. In such a period, the head 10 sequentially forms partial
holograms while moving £from one end to the other end of the range
where the partial holograms are to be formed. When the partial
10 holograms for one line are formed, the transport device 20 moves
the recording medium 1 by a predetermined line interval and
thereafter stops the recording medium 1. Partial holograms for
the next one line are formed through the same operation as that
described above. Such an operation is repeated to form a complete
15 hologram.
While the head 10 is moving, the reference light for
recording is reflected by the lower end of the guide portion 5
to be turned into return light modulated by the embossed pits 5a.
The return light is collimated by the objective lens 32 and passes
20 through the double optically rotating plate 34 to be turned into
S-polarized light which in turn passes through the S-polarized
hologram 35 and is slightly converged. Thereafter, the S-
polarized light impinges upon the beam splitter 37, and a part
of the quantity of light is transmitted by the half-reflecting
25 surface 37a to impinge upon the guadruple photodetector 40 after

passing through the convex lens 38 and cylindrical lens 39. The



:5 1lis illumnated wth the reference |ight 201 and obj ect Ii-ght - 203.
While the reference light in Fig. 9A is assuned to be para : '
the reference |ight may be divergent |ight or convergerﬁmSheet ok 13' ht..
-For exanpl e, the calculation of the thregg,di mensi onal e

pattern 204 is specifically carried out Qfollows jwu ﬂU '
predeterm ned plane on which a coordinate is repre ]
anplitude and phase information of the reference |ight 201 and obj ect
light 203 i sdekspidon edrguit 61 depectsrthal fogur] e¥rqy ﬁigy)alam &rackipg, y)
and expressed by the followng 15 -equations. |In the follow ng equations,
r[err] and oderor sigmadsZht and repmgductidss sigmal] BFrbased drertiie ougputent
phases. Rierr] (x, y) =rf[err](x, y)exp{j[err](x, y)}

oferr] (x, yof=tinéequidruple eplpitiddetelctor V0. Based on théhd&oculse error
reference light 201 and object light 203 interfere 20 wth each other on

the predet ergignedll (FBynethe Hoews spred cigbuit 61 pérforns focdusomerive to

predeterm ned plane is expressed by the follow ng Equation (1):
I[err] (x5 y)aTwdyd Reeb(bhe ypFbeente 1ighitefor ecoyiihgrand the information
+ 2r[err](x, y)olerr](x, y)cos([err] - [err]) .. (1)

light for recording in a constant positional relationship with
the recording medium 1 in the direction of the thickness of the
recording medium 1. Based on the tracking error signal TE, the
tracking servo circult 62 performs tracking servo to always keep:
10 the reference light for recording and the information light for
recording in a constant positional relationship with the
recording medium 1 in the transporting direction of the recording
medium 1. The sigrial processing circuit 64 reproduces the basic
clock and determines addresses based on the reproduction signal
16 RF.

Fig. 14 shows an example of an arrangement of partial
holograms in each of R, G and B colors. In Fig. 14, the circles
indicated by reference symbols R, G and B represent partial
holograms in R, G and B colors, respectively.

20 As a result of the transportation of the recording medium
1 with the traﬁsport device 20, a region of the recording medium
1 having holograms formed thereon reaches the position of the
ultraviolet lamp 6 which illuminates the region with ultraviolet
light, and the region further reaches the position of the heat
26 roller 8 which applies heat to the region to fix the partial

interference patterns (partial holograms) recorded by the head



25 The three-di mensional interference pattern 204 in the
recordi ng medium 1l can be cal culated by calculating intensity of

21 light I[err](x, y) for each of a plurality of planes assuned to
present in the recording nmedium 1. The ar%lai tude and phase i nf or mat
oferr](x, y) of the object light 203 may cal cul at ed based on the

i nformati on

of the three-dinensional inmage to be 5 reproduced (e.g.,

t hree-di nensi onal inage data to be processed by a conputer). The
anpl i t ude ani0 phibeni atbofsthe partial hologramsihave beehdf qraiest and &£ ixeght
201 may be determ ned in advance. Next, as shown in Fig. 9B,
control | er 6thaindcdediingemedium tihbeceonestnsitabilizedcidlyonamewhichets id04

into parti al
enmbodi nent ,
t hree-

10 interference patterns 205 (step S102). In the present
turn tiramspotitedl by rtther tearsperp advdices 20 Gind egeptetsfrdm tihe
di mensi onal interference pattern 204 as shown in Fig. 9B and

are t hr egedit I Portdlon.nt erf erence patterns in regions in the
recordi ng medium 1 where two beans of recording light emtted by

5
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A description will now be made with reference to Fig. 15
on an example of a reproducing apparatus for reproducing a
three-dimensional imége from a hologram formed as described above.
A reproducing apparatus 300 shown in Fig. 15 has a conf-iguratioﬁ
similar to that of an overhead projector (hereinafter referred
to as "OHP"). The reproducing apparatus 300 has: a cubic main
body portion 301; an arm portion 302 extending upward from the
rear surface of the main body portion 301; and a mirror portion
303 -coupled to the upper end of the arm portion 302. The top
surface region of the main body portion 301 is formed by a
transparent member such as glass, and the top surface serves as
a mounting surface 304 on which a hologram 211 is mounted. 1In
the main body portion 301, there is provided a light source device
311 which emits light to serve as reference light; and an optical
system 312 for forming predetermined reference light 313 in the
form of parallel light or the like by, for example, collecting
the light emitted by the light source device 311 to illuminaté
the hologram 211 mounted on the mounting surface 304 from below
the same. When the reproducing apparatus is to reproduce color
three-dimensional images, for example, the light source device
311 emits laser light in each of R, G and B colors or emits white

light. When the reproducing apparatus is to reproduce

be
i on

t he



=15

the head 10 overlap. Hereinafter, one of the two beans of

recording light is referred to as "reference |ight for recording”, and
the other is referred to as information light for recording".

*Next, the controller 65 calculates the rejgerence |ight for recordi ng
and information light for recording for h of the 20 partial

i nterference patterns 205 (step S103). For exanple, this S
specifically performed as described below. First, on a pl ane i n which
a coor di nat enorochyromatda dhree-Gimensionat images udfomrexample plifsemits

I nformation of the reference light for recording is represented by

Rl err] (x, y)laser tlighimlavinge aaptedotemminéd rwaneleangtds of the

information light for recording is represented by and o[err] (X, y),
whi ch are respectiTis yrefprescedlight he1i30! i Hluminaimpsat tlhvenshologram 211
In the followi ng equations, r[err] and o[err] represent

anpl i tudes, macdnted ohetthe avhintdhg swifacecB04phfsan. below to genedxiabe |
= rlerr](x, y)exp{j[err](x, y)}

22
(x,

y)
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reproduction light 315 which travels upward from the hologram 211.
The mir_‘ror portion 303 has a mirror 305 for reflecting the
reproduction light 315 generated at the hologram 211 toward the
front side of the reproducing apparatus 300. The reproduction
light 315 genérated at the hologram 211 is reflected by the mirror
305 toward the front side of the reproducing apparatus 300 to form
a real three-dimensional image 202. Therefore, a viewer can view
the three-dimensional image 202 in front of the reproducing
apparatus 300.

A description will now be made with reference to Fig. 16
on another form of hologram that can be formed by the hologram
forming apparatus according to the present embodiment. A
hologram 320 shown in Fig. 16 has a configuration like a movie
film. That is, the hologram 320 as a whole is in the form of a
band which is formed with a multiplicity of perforations (holes
for feeding) 321 on both sides thereof. A plurality of

rectangular hologram portions 322 are formed in the longitudinal

- direction between the perforations 321 on both sides. Each of

the hologram portions 322 corresponds to one frame of a move £ilm
and has a three-dimensional interference pattern recorded therein
which is associated with one three-dimensional image.

The hologram 320 shown in Fig. 16 is formed as follows using



oflerr] (x, y) =o[err](x, y)exp{j[err](x, y)} 5 When the reference
light f or recording and the information light for recording interfere
wi th each other on the predeterm ned pl ane, intensity of I|ight
4[err](x, y) on the predeternined plane i expressed by the foll ow ng
Equation (2): I[err](x, vy) :%[err](x, y)}[lerr] + {o[err](x,
y)}[err] 10 + 2r[err](x, y)o[err](x, y)COS([err] -
[err]) ...(2) Since the intensity of light I[err](x, y) on each
of the pl anethe holkognamedformingprapparnatyus t laccoadingl tot etlier @rasent
pattern 205 has al ready been obtained from Equation 1, the reference
light for embodiment ng Bixist hetheafer tat paoviidgdt af dfilmeddkei nrpaomiing
calculated 15 for each of the planes such that I[err](x, y) = I[err](X,
y) or I[err]msdign Hewing perforations 821 oacbethisidex themredblii and dsziridhe
calculation is sinple If the reference light for recording is uniform .

| i ght or |ig&thologramilaersat leastois myione whepd HolpgiampbhEions 322
i nformation |ight for recording. 20 Next, according to the

result ofst hgreaddimed.i OPaﬁf:iéhﬁolograﬁleﬁé‘%%Qubhﬁmm:l?rfdﬁfélf dsi8g ke t he
information Iight for recording, the controller 65 calculates a

nodul ati on pRbi&g§Fah rf%t:x:m:mg aﬁ%ﬂﬁswﬁ!ﬁﬁ'ﬁk@réé&ﬁ&%ﬁeﬁhﬁﬂ%f&ﬁsﬂ%&j' ng
and information ght for recording, and controls the spatial |ight
modul ator 243, the longitudinal direction thereof, and each of the hologram
portions 322 is formed by a plurality of partial holograms.
A deécription will now be made with reference to Fig. 17
10 on an example of a reproducing apparatus for re.producing a
three-dimensional image from the hologram 320 shown in Fig. 16.
A reproducing apparatus 330 shown in Fig. 17 has a configuration
like that of a projector. The reproducing apparatus 330 has: a
driving device (not shown) for moving the hologram 320
15 intermittently in the longitudinal direction; a light source
device 331 for emitting light to serve as reference light; an
optical system 332 for forming predetermined reference light 333
in the form of parallel light or the 1like by, for example,
collecting the light emitted by the light source device 331 to
20 illuminate the hologram portions 322 of the hologram 320; and a
reflection type screen 336 for reflecting reproduction light 335
generated by the hologram por_tions 322 when illuminated with the
reference light 333. Referring to the light source device 331,
it is similar to the light source device 311 of the reproducing

25 apparatus 300 shown in Fig. 15.

In this reproducing apparatus 330, the hologram 320 is



.25 using the nodul ation pattern to illum nate the recordi ng nmedi um 1
with reference |ight 206 for recording and information |ight

23 207 for recording as shown in Fig. 9C. Thus, each of the partial
-interference patterns 205 is actually re%a[]ded in the recording medi um
1, and partial hol ograns associated with e respective parti al

i nterference patterns 205 (hereinafter referred to as 5 "partial

hol ograns”) are sequentially formed (step S104) to form a hol ogram as
a whol e. intermityentliye dniveantbrentheii dehving devicee ardopdhedogramum 1
S illTumnated with the reference |ight 206 and information |ight

207 for recairikpmni322his sihiminatedhwithf reféxenes ddohin 333 onlo durdnged
is a transm ssion type (Fresnel type) hol ogram To reproduce the
t hr ee- di nensa opetiodregieer? Othé rivmlegram 320 bgyrsoopidd ( r dher dintprmeditemt])

t hus forned, the hol ogram 211 may be illumnated with reference |ight
for reproduciiiimination with theerdfeeehcenlight ¥33 edarr dec penfiiimed) byl n

Fig. 9A, or may be

5 causing the light source device 331 to emit light intermittently
or by using a shutter. The hologram portion 322 generates
reproduction light 335 when illuminated with the reference light
333, and the reproduction light 335 is reflected by the screen
336 toward the front side of the screen 336 to form a real
10 three-dimensional image 337. Therefore, a viewer can view the
three-dimensional image 337 in front of the screen 336. When the
hologram 320 is driven to illuminate another.hologram portion 322
with the reference light 333, another three-dimensional image is
reproduced. Therefore, a moving three-dimensional image can be
15 reproduced, for example, by associating each of the hologram
portions 322 of the hologram 320 with a three-dimensional image
corresponding to each frame of a motion picture as in the case

of a movie.
As described above, according to the apparatus and method
20 for forming a hologram of the present invention, a hologram is
formed by illuminating a part of the recording medium 1 with
reference 1light for recording and information 1ight for recording
using the head 10 to record a part of an interference pattern for
geperating reproduction 1light associated with a desired
25 three-dimensional image when illuminated with reference light for

reproduction, and by repeating the operation of recording a part



15 illumnated with reference Iight 212 for reproduction in the

direction opposite to that of the reference |ight 201 as shown in Fig.
9D. When the hologram 211 is illumnated with the reference light for
reproduction in the sane direction as the reference |ight 201, the

t hree-di nensi onal inmage 202 will appear 3% as a virtual | mage above the
hol ogram 211 when vi ewed from bel ow the hologram 211 in Fig. 9D. As
shown in Fig. 9D, when the hol ogram 211 is illumnated with the

ref erence |i gffit a@lPnterfergnas patitern a pluraliky diif ddmesnwbippeschanging hat
of the reference light 201, the t hree- di nensi onal i nmage 202 appears as
a real i mgethborelahive?pobitignaln £dlatvhemshireisstweenm iz \head el hoamdyr am
211. The operation of the hol ogram form ng apparatus according
24 t o treeoeding mediumil) mMhidsbmakiescit hpuksibleote dermi ashofogsam

t he hol ogram form ng apparatus according to the present enbodi nent is

capabl e of f @b NBeprédhEtidiMal I thredH AinenLiPMAl  imagé hressidiyreiveanadf
i mage can be reproduced. Therefore, in the '
5 1limitations placed by the size of the three-dimensional image to
be reproduced and the size of the hologram.

Further, according to the present embodiment, a calculation
is made to obtain a plurality of beams of recording light for
forming a part of an interference pattern | for generating

10 reproduction light associated with a desired three-dimensional
image when illuminated with reference light for reproduction; a
modulation pattern that provides such beams of recording light
is calculated; beams of recording light modulated in the
modulation pattern are generated; and the recording medium 1 is

15 illuminated with the beams of recording light always in the same
direction. It is therefore possible to form | a hologram for
reproducing a three-dimensional image free of limitations placed
by the reference light for reproduction.

According to the present embodiment, since an interference

20 pattern is recorded part by part, holograms in various shapes can
be formed. For example, when a cylindrical or spherical hologram
is to be formed, a hologram having the ultimate shape may be formed
as a combination of several fragments each of which is formed using
the hologram forming apparatus according to the present

25 embodiment.

According to the present embodiment, the recording medium



.5 present enbodi nent, hol ograns associated wwth R G and B

t hree-di nensi onal images that forma col or three-di nensional | mge are
respectively formed in the hologramlayers 52R, 52G and 52B of the
-recording medium 1. 1In the present enbodjnent, specifically, a

hol ogramin each of R, G and B colors is3drmed 10 by formng a partial
hol ogramin each of R, G and B colors on a time division basis.

For this purpose, the light source devices 21R. 21G and 21B

respectivel yl pthatdedlbdws RecOrdingBofolarthres-dimersyionadl inteExference
nmodul ator 24 are controlled as showmn in Figs. 10A through 10D. 15

Speci fi cal | ypatterrhdwused Fiapnd 4 Yhrderdimpabiiohal i piterfedendeopatternd4 i s

driven repeatedly in a nodulation pattern for the parti al hol ogram
associ at ed Wédorded dr @S redofldhyahé@iumal ! eTRikOhakes it lfos¥iblealto
hol ogram associated with the Ginmage and a nodul ation pattern for the
partial hol Oﬁfiimiésl@ﬁd% egiFetdrtivh Rifgaavally dnd étd?&'h%t:@bﬁr_ ProvAdels
shown in Fig. 10A, the l'i ght source device - 21R enmits RIlight at
timng Wien §herSRad | ag1 FEBREtIRGIU! 8EPicdncy ahd drl vel, ! Rendduingy i on
pattern associated with the partTal hol'ogram for the R i mge.
Simlarly, P o [ L e 21Gemts G
aé%%%%ﬁi‘ hled %SEEL%EFnttEﬁg a thﬁaé @meﬁ%&& qﬁ\ég‘é

light at tim _
' According to the present embodiment, the recording medium

1 is formed in a sheet-like configuration and is illuminated with

reference light for recording and information light for recording
10 on the éame side thereof such that the optical axes of those beams

of light are located on the same line. This makes it possible

to 1lluminate the recording medium 1 with reference light for

recording and information light for recording using a single head

10 and to provide the optical system of the head 10 with a more
15 compact configuration.

According to the present embodiment, reference light for
recording reflected by the guide portion 5 is used to control the
positions of the reference light for recording and the information
light for reco:_:ding relative to the recording medium 1. This

20 makes it possible to form a hologram with high acéuracy.

According to the present embodiment, a hologram having
arbitrary three-dimensional imaée information recorded therein
can be easily formed similarly to printing using a normal printer.
It is therefore possible to copy a hologram easily and to form

25 a great number of holograms having the same three-dimensional

image information recorded therein. When a hologram forming



.25 light nodulator 24 is driven in the nodul ation pattern associ ated
with the partial hologramfor the Gimge and, as shown in Fig.

25 10C, the B light source device 21B emts B light at timng when
the spatial |ight nodulator 24 is driven jn the nodul ation pattern
associated wth the partial hol ogramfor Fhe B | mage. In the
present enbodi nent, each of the light source devices 5 21R 21G and 21B
emts S-polarized light. The R1light emtted by the R Iight source
devi ce 21R i appatatusit ethdy at heeppdbduetigr apparatmss £3R anspreduciriged ay
the dichroic prism 23R to inpinge upon the spatial |ight nodul ator 24.

The G light entééedimynsivhal Ling§é from aJweloxraicaccordiny itod thélpradert by
the collimator lens 22G 10 reflected by the dichroic prism 23G and

transmtted QybbAEmehE M@ provide@ria 2éfMote 16Eatisn Udanikhpospibidlto

light nodul ator 24. The B light emtted by the B Iight source device
21B is colligBfid a holbyrbhe w#ind Mthel h816grPal, fotnlidgt edpparates by
reflecting prism 23B and transmtted by the dichroic prisns 23G and

23R 10 i i NgahPRitting three-dimensional image information to the remote
location using the internet or the like and to reproduce a
three-dimensional image from the hologram thus formed. It is
therefore possible to form holograms having three-dimensional
image information with the same quality and to Ireproduce

10 three-dimensional images with -the same quality in any place.
According to the present embodiment, beams of recording
light are calculated based on three-dimensional image information,
e.g., three-dimensional image data to be processed by a computer.
As a result, a hologram can be easily corrected by correcting the
15 three-dimensional image data. Therefore, when a final hologram
is to be formed with appropriate corrections added thereto, the
embodiment makes it possible to form the final hoiogram more easily
with a reduced cost compared to methods wherein a hologram is
formed by causing interference Between object 1light from an
20 existing object and reference light. Further, a hologram can
be formed based on three-dimensional image information even for
an object which does not exist or which is too large, and an image
can be easily formed with characters representing a title or the
like or various visual effects added thereon, which makes it
26 possible to create advertisements and magazine front pages that

give stronger impression.



.15 the spatial |ight nodul ator 24. The |ight spatially nodul at ed by

the spatial light nodulator 24 is reflected by the reflecting prism 25
to i npinge upon the head 10. The light spatially nodul at ed by the
-spatially light nodulator 24 is light which is set at S-polarization
or P-polarization dependi ng on pixels. A definition will be
given with reference to Fig. 11 to terns "A-pol arized light" and
"B-polarized |ight" which will be used in the foll ow ng description.
A-pol ari zed | i ght Accdrdiery to thepplreserxe centicgiimeniit, asihnde by haliagirany inhe
pol ari zi ng direction of S-pol arized light at - 45 err] or by rotating
t he pol ari zi tige diom¢ctdfola tAinoshéepdan ibee Form@eld, At idSpessiblertd form
B-pol arized light is linear pol ari zed |ight obtained by rotating the

pol ari zi ng da hedbg@amathich has high portability like conventional OHP sh¥fets
S-polarized light at +45[err] or by rotating the polarizing direction

of P-polari zggdq lvttith &an- Bel£11da shhfl18eN9" té! AGHELICOE papep( (Fifrther,
A-pol arized Iight and B-pol arized |ight are orthogonal to each ot her.

5 a presentation can be carrieq out using three-dimensional images

with ease of operation similar to that of a conventional OHP and

OHP sheets by forming sheet-like holograms and using a simple

reproducing apparatus having a configuration similar to that of

an OHP as shown in Fig. 15. According to the present embodiment,

10 a thick recording medium can be used to form a hologram for
reproducing a three-dimensional image therein.

According to the present embodiment, the recording medium

_ 1 to allow recording of a three-dimensional interference pattern

is used, and a three-dimensional interference pattern is recorded

15 in the recording medium 1. It is therefore possible to perform

multiplex recording of a plurality of three-dimensional

interference patterns in the recording medium 1 by combining beams

of reference J.:l.ght and object light on an assumption that there

are a plurality of beams of reference light incident at different

20 angles as reference light for reproduction and that there are beams

of object 1light from different <three-dimensional images

originating from the respective beams of the reference light.

This makes it possible to form a hologram that allows reproduction

of different three-dimensional images depending on the incident

25 angle of the reference light for reproduction. For example, a

hologram may be formed on an assumption that there is a plurality



-5 Li ght incident upon the head 10 i npinges upon the beam

splitter 37 sideways, and a part of the quantity of light is reflected
by the half-reflecting surface 37a to inpinge upon the. S-pol ari zed

-hol ogram 35. The P-pol arized light includgd in the l'i ght incident upon
the S-pol arized hol ogram 35 passes throu 10 the S-polarized hol ogram 35
as it is in the formof parallel beans. In the present enbodi nent,
this light is the reference |light for recordi ng. The reference |ight
for recordi nof ipgrialded beamstake differdotbangbes icfalingidencei ag) qeferense A
part of the |ight which has passed through the optically rotating

pl at e 34L i sligik efordrepbodtiction at and threbediménsionaly imagesi mayabe
-45[err] to becone B- pol ari zed light, and a part of the Iight which

has passed thsprgduced friohethethalddnan asahgngum biams34R refendnce tlddhito
rotation of the pol arizing direction at +45[err] to becone A-polarized

light. The for reprodadttohi 3itidivhakes Atpogsible Ad £6ifch A¥ldfLanheai i ve
lens 20 32 to illumnate the recording nedium1. It convergingly passes

through tshe seLowsli VepFRGud®ibnangs C Aerhtt O tArBbRaNMEh S Giet erimages at
the further side of the recording nedium 1. The S-pol arized

l'ight incl udgdpénaid dud g{q{e 't&ﬁied%BheHPSE a day!he S-polarized hol ogram 35
is slightly converged by t

Accordlng to the present embodiment, it is also possible

to reproduce a moving three-dimensional image by forming a

hologram in a configuration similar to that of a movie film as

10 shown in Fig. 16 and by using a reproducing apparatus having a
configuration like that of a projector as shown in Fig. 17.

While the spatial 1light modulator 24 of the present

embodiment is provided between the dichroic prism 23R and

reflecting prism 25 shown in Fig. 1, the spatial light modulator

15 24 may alternatively be provided between the beam splitter 37 and

S-polarized hologram 35 in the head 10 or on the side of the

incident surface of the beam splitter 37. Alternatively, instead

of providing a spatial light modulator 24 shared by R, G and B

colors, spatial 1light modulators to be respectively and

20 exclusively used for R, G and B images may be provided between

the collimator lens 22R and dichroic prism 23R, between the

collimator lens 22G and dichroic prism 23G and between the
collimator lens 22B and reflecting prism 23B, respectively.

A description will now be made on an apparatus and a method

25 for forming a hologram according to a second embodiment of the

invention. Fig. 18 is a perspective view of a configuration of



.25 pol arized hologram 35. In the present enbodinment, this light is t he
i nformation |ight for recording. The information |ight for

27 recordi ng i npi nges upon the double optically rotating plate 34.
-A part of the Iight which has passed through the optically rotating

plate 34L is subjected to rotation of théopolarizing di rection at
-45[err] to becone A-polarized light, and a part of the light which 5 has
passed through the optically rotating plate 34R is subjected to
rotation of &helpgtramiformind amtratuscaceciiing bogreseBt embodimemlri zAd

l'i ght. The information light for recording is coll ected by the

obj ecti ve | edtfowi? inOFigl urg nahe hbTogeamrforiging appeardtus df the peepgensri |y
converges to a mnimumdi anmeter before 10 the recording nedium1l1l and

thereafter dnydintdt/déss a6t Haveotlspatial N8 gheadlilagoita a8 provided
As descri bed above, according to the present enbodi nent, the reference

{Ihghﬁ efc o ﬁﬁ&ﬂ@ﬁg%ﬁfqom%ﬂﬁsﬁ{n‘?ts ?ggthéﬂhttﬂéﬁe is pro¢fqedidhddd yrpnat e
5 in place of the head 10 of the first embodiment.

Fig. 19 is an illustration of a configuration of the head
of the present embodiment. The head 410 of the present embodiment
has: an objective lens 32 provided opposite to a recording medium
1l; an actuator (not shown) capable of moving the objective lens

10 32 in the direction of the thickness of the recording medium 1
and a transporting direction of the recording medium 1; and a
spatial light modulator 411, a beam splitter 37, a convex lens
418, a cylindrical lens 39 and a quadruple photodetector 40 which
are disposed on the side of the objective lens 32 opposite to the

15 recording medium 1 in the ofder listed that is the order of their
closeness to the objective lens 32.

The head 410 further has: a mirror 412 disposed in the
traveling direction of light that is incident from the reflecting
prism 25 in Fig. 18 and.transmitted.by'a.half-reflecting surface

20 37a of the beam splitter 37; and a convex lens 413, a concave lens
414 and a cylindrical lens 415 which are disposed in the traveling
direction of 1light reflected by the mirror 412 in the order listed
that is the order of their closeness to the mirror 412. Light
emitted by the cylindrical lens 415 impinges upon the recording

25 medium 1 such that the center (optical axis) thereof is at an angle

of 45° to the surface of the recording medium 1 and crosses light



.15 thereof such that the optical axes of those beans of |light are

| ocated on the sane |ine. Figs. 12 and 13 are illustrations of
states of light in the vicinity of the recording nedium11. |In those
figures, the reference nunber 71 represents P-polarized light; the
reference 20 nunber 72 represents S- polﬂfized light; the reference nunber
73 represents A-polarized light; and the reference nunber 74
represents B-polarized light. As shown in Fig. 12, reference |l ight for

recordi ng whEebmhthepebgective oLgs t 32 it thal rgcording ahediung Pl atlel ghiR
and information light for recording which has 25 passed through the

optically robmittegdpbgt thedtyldi@icdr Wi 415 iatdrivvwed HoeGhlinkn iniey
are both A-polarized light, and the pattern

28 of thecknéss f B el recoraagdmediamt e recording medium 1. As
shown in Fig. 13, reference light for recording which has passed

through the opticaiphy $gi@diNg18hetfodlatiitd 4101 O Bid prebbfblembodiniélit

recordi ng which has passed through the optically rotating
5 has a great number of pixels arranged in the form of a grid and
is capable of spatially modulating light on the basis of light
intensity by selecting a light transmitting state or blocking
state for each of the pixels. The spatial light modulator 411

is driven by the controller 65 shown in Fig. 6.
10 In the head 410 of the present embodiment, light incident
upon the head 410 impinges upon the beam splitter 37 sideways:
a part of the quantity of light is reflected by the half-reflecting
surface 37a; and a part of the quantity of light is transmitted
by the half-reflecting surface 37a. The light reflected by the
15 half-reflecting surface 37alimpinges upon the spatial light
modulator 411 which spatially modulates the 1ight. In the present
embodiment, this light serves as information light for recording.
The information light for recording is collected by the objective
lens 3-2 to impinge upon the recording medium 1, and the light
20 convergingly passes through the recording medium 1 and converges
to a minimum diameter at the further side of the recording medium

1.

Light which has impinged upon the beam splitter 37 sideways
and has passed through the half-reflecting surface 37a is
25 reflected by the mirror 412 to pass through thé convex lens 413

and concave lens 414 sequentially. The diameter of the beam of



.5 plate 34R interfere with each other because they are both B-

polarized light, and the pattern of the interference is recorded on
the recording medium 1. Thus, partial hol ograns are forned in the

T ecording medium 1. More specifically, when the reference |ight
for recording 10 and the information Ii‘@nt for recording are R1light, a
parti al hol ogrami's forned on the hologramlayer 52R in Fig. 5. Wen
t he reference light for recording and the information |Iight for
recordi ng arkight ighthusirpduted| dmi dyrimnconvérgerdkycthd bglhndnicainlens

| ayer 52G in Fig. 5. Wen the reference light for recording and 15 the

i nformati on 419hénXprin ¢her dirgctien bof i{HE optigalt agis hof ogieirobjective

formed on the hologram |l ayer 52B in Fig. 5. The reference |ight
for recordi ngens 32fim® @dbbumt 6£ 1DyE havingeld£ohtt Senflgwicativd iwdiich and
Is turned into return |ight which has been nodul ated by the enbossed

pits 5a. No m%ﬁ&%@é Ap6a tr?é)reééﬁéiﬁg AR A 19l e pdskeAt WnbddiMént

associated wt reference I ght for recording which has passed

through tge this 19BhtGRirves &4 i«&f@ﬂeﬁ&étﬁgﬁ@%o&“ﬁe&f’&iﬁgﬁ | Z 9ol i SUERIdeON
| i ght for recording which has passed through the |caIIy rotating

plate 34R begpyise £d1e¥ebbPasn§actbsldifihe inkhé¥ioh 1148t for recording

from the objective lens 32 inside the recording medium 1.

A three-dimensional interference pattern is recorded in the

recording medium 1 as a result of interference between the
10 information light for recording and the reference light for

recordihg. In the present embodiment, the interference pattern

serves as a partial interferen&e pattern to forma partial hologram.

The partial hologram has a configuration in the form of a circular

plate. Partial holograms are sequentially formed by moving the
15 head 410 similarly to the first embodiment.

Fig. 20 illustrates a state of partial holograms 420 formed
"in the recording medium 1 in such a manner. As illustrated in
Fig. 20, according to the present embodiment, a plurality of
partial holograms 420 in the form of layers are formed on one

20 another in the recording medium 1.

In the present embodiment, the controller 65 calculates the
reference light for recording and the information light for
recording on an assumption that there are partial interference
patterns in the partial holograms in the form of layers.

25 In the present embodiment, the information 1light for

recording is turned into return light which has been reflected



.25 interference occurs between B-polarized return |ight associ ated
with the reference light for recordi ng which has passed through

29 the optically rotating plate 34L and A-pol arized infornmation

sl ight for recording which has passed through the optically rotating
pl ate 34L because they cross each other. 43 The recording nmedium 1
Is transported by the transport 5 device 20, and the transport device 20
keeps the recordi ng nedi um 1 stationary while the head 10 forns
partial hol agy athe fIowereend of |thee.guides poirtione’si and modulazddlby the
sequentially forns parti al hol ograns while noving fromone end to the

ot her end oferidssdegets 5a. Viiee eetienFidhtals kelogmateddyecthe dvgeictived.
When the partial 10 holograns for one |line are formed, the transport

devi ce 20 noMdits 32 tol PAss afctighd thedspatdaDyl iyhy aeahieatonesll nmd is

I nterval and thereafter stops the recording nmedium1. Partial _
hol ograns f ofhereaftidie 1MR¥ildefRe upbRctRECLEAMBP1LLEESH AT | ha paiR @@erakl ON
as that descri bed above. Such an operation is repeated to forma

completes guantity of light is transmitted by the half-reflecting surface
37a and passes through the convex lens 418 and cylindrical lens
39 to impinge upon the quadruple photodetector 40. Based on the
output of the quadruple photodetector 40, the detection circuit
61 detects a focus error signal FE, a tracking error signal TE

10 and a reproduction signal RF.
The configuration, operation and effects of the present
embodiment are otherwise the same as those of the first embodiment.
An apparatus and a method for forming a hologram according
toa third embodiment of the invention will now be described. Fig.
15 21 is a side view of the hologram forming apparatus according to
the present embodiment. This hologram forming apparatus is
provided with an upper head portion 10A in place of the head 10

of the first embodiment.

The hologram forming apparatus further has: a lower head
20 portion 10B provided under the guide portion 5; two guide shafts
511 provided above the lower head portion 10B in parallel with
the axial direction of the transport rollers 2a, 2b and 3a, 3b;
and a movable portion 512 movable along the guide shafts 511 under
the guldance of the guide shafts 511. The lower head portion 10B
25 1is bonded to an upper end face of the movable portion 512 to be

moved with the movable portion 512.



-15 hol ogram Wil e the head 10 is noving, the reference |ight

for recording is reflected by the | ower end of the guide portion 5

to be turned into return |ight nodul ated by the enbossed pits b5a. The
-return light is collimated by the objective | ens 32 and passes 20 through
the double optically rotating plate 34 t&be turned into S-pol ari zed

| ight which in turn passes through the S-polarized hol ogram 35 and is
slightly converged. Thereafter, the S pol ari zed |ight inpinges upon

t he beam splitter RBigtherd &hpandlogram dormiaggapparatusthalsi ghVCM 513 for
transmtted by the half-reflecting 25 surface 37a to inpinge upon the
quadr upl e phmdwaiiss aheomod¢8biéiportion 512salongtthe yyiidehshafbseXxll enThal

and cylindrical lens 39. The 30
detection civemi §1%1hdst aciconfiguiratiioncsimilargtal tHat tofickha@gVvCM 13error
signal TE and reproduction signal RF based on the output of the

quadr upl e phsphasiet K510y ,48he B $13hhE¢ 4 YCMSY6ké B14 provided under the

5 guide shafts 511 in parallel with the guide shafts 511; a VCM yoke
515 provided under the VCM yoke 514 in parallel with the VCM yoke
514 with a predetermined interval therebetween and coupled to the
VCM yoke 514 at the ends thereof; a plate-like VCM magnet 516
secured to the top surface of the VCM yoke 515; and a voice coil

10 517 provided around the VCM yoke 514 at a predetermined interval
from the outer circumferential surface of the VCM yoke 514. The
voice coil 517 is bonded to a lower end face of the movable portion
512. The VCM 513 having such a éonfigux_‘ation moves the lower head
portion 10B in parallel with the guide shafts 511.

15 In the present embodimeﬁt, the upper head portion 10A and
the lower head portion 10B correspond to the head according to
the invention, and the VCM 13 and the VCM 513 correspond to the
position change means according to the invention.

The hologram forming apparatus further has: a beam splitter

20 501 uponwhich light from the reflecting prism25 in Fig. 1 impinges,
which transmits a part of the quantity of light to cause it to
impinge upon the upper head portion 10A and which reflects a part
of the quantity of light downward; and a reflecting prism 502 for
reflecting the light reflecfed.by the beam splitter'501 to cause

25 it to impinge upon the lower head portion 10B.

Fig. 22 is an illustration of a configuration of the upper



:signal FE, the focus servo circuit 62 perfornms focus servo to 5 always
keep the reference light for recording and the information | ight for
recording in a constant positional relationship with t he recording
-medium 1 in the direction of the thickness of the recordi ng nmedi um 1.
Based on the tracking error signal TE, t tracking servo circuit 63
performs tracking servo to always keep 10 the reference |light for
recording and the information Iight for recording in a constant

posi ti onal rhead poxtiop WA rand&he lower headi pgriion 0B, | The mpper head
transporting direction of the recording medi um 1. The si gnal

processi ng oportidn G9Ar has cal wonEiigneraltdencobtained byk dehdtiing cthe mexror
addresses based on the reproduction signal 15 RF. Fig. 14 shows

an exanpl e of12) convex02eRst41d, pohidave lens 44 e@deplindededl dieds 4&sand
B colors. In Fig. 14, the circles I ndi cated by reference synbols R G

and B represgfém Rlid hahd 410 showediaBign 18. G THe Bwed! Bead pESRR 108 Y.
20 As a result of the transportation of the recordi ng nmedi um 1

Wi th the g rapspord pfesm 52128or 18 iy !?i%ﬁiﬂ@fﬂoﬁp%éif&li&‘iiiﬁ@ prism 502
havi ng hol ograns fornmed thereon reaches the position of the

1 ght, and the B b v #E B3GR R lhale e s (dit b Bhvex: Lens
523, a concave lens 524 and a cylindrical lens 525 which are
disposed in the traveling direction of the light emitted by the
prism 521 in the order listed which is the order of their close.ness.

10 to the prism 521. Light emitted by the cylindrical lens 525
impinges upon the recording .medium 1 lfrom below such that the
center (optical axis) thereof is at an angle of 45° to the surface
of the recording medium 1 and crosses light from the objective
lens 32 in the recording medium 1. Light emitted by the

15 cylindrical lens 525 is narrowed to a minimum thickness in the
recording medium 1.

In the present embodiment, the VCM 13 and the VCM 513
cooperate under the control of the controller 65 shown in Fig.
6 to establish a constant relative positional relationship

20 Dbetween the light from the objective lens 32 and the light from
the cylindrical lens 525.

In the present embodiment, light incident upon the upper

head portion 10A impinges upon the beam splitter 37 sideways, and

a part of the quantity of light is reflected by the half-reflecting

25 s_urface 37a. The light reflected by the half-reflecting surface

37a impinges upon the spatial light modulator 411 to be spatially



-25 roller 8 which applies heat to the region to fix the partial

i nterference patterns (partial hol ograns) recorded by the head

31 ' 10. When all of the partial hol ograns have been fornmed and fi xed,
~the recordi ng nedium 1 becones a stabilized hologramwhich is in turn
transported by the transport device 20 afd ejected fromthe ej ecting
portion. 5 A description will now be nade with reference to Fig. 15
on an exanpl e of a reproduci ng apparatus for reproducing a

t hr ee- di nengnadallatiedady fthemspatdadglight omodulatoxiettli hda 4bevpresent A
reproduci ng apparatus 300 shown in Fig. 15 has a configuration simlar
to that of cembodbinterdd fhbs ddght §dimres aafinformatdondd ghtOfotr ccegrddAg”. ) .
The reproduci ng apparatus 300 has: a cubic nain body portion 301; an
arm porti on THE iafoemndtion Ulwhtdfér aecoblirding is codlected hycthé dhhjectiive
body portion 301; and a mrror portion 303 coupled to the upper end of

the arm portiexs 322to becpidfected upohitiereedr@ing meldiemnhj andotiye pdighiton
301 is forned by a
5 convergingly passes through the recording medium 1 and converges
t0 a minimum diameter at the further side of the recording medium
1.
In the present embodiment, light incident upon the lower
head portion 10B is refracted by the prism 521 and passes through
10 the convex lens 523 and concave lens 524 sequentially to reduce
the diameter of the beam of light. The light is converged by the
cylindrical lens 525 only in the direction of the optical axis
of the objective lens 32 into a beam of light having a flat
configuration which in turn impinges upon the recording medium
15 1. 1In the present embodiment, this light serves as reference
light for recording. The reference light for recording crosses
the information light for recording from the objective lens 32
inside the recording medium 1.
A three-dimensional partial interference. pattern is
20 recorded in the recording medium 1 as a result of interference
between the information light for recording and the reference
light for recording to form a partial hoiogram. The partial
hologram has a configuration in thé form of a circular plate
similar to that in the second embodiment. In the present
26 embodiment, however, the partial hologram is a reflection type

(Lippmann type) hologram. Partial holograms are sequentially



.15 transparent nenber such as glass, and the top surface serves as a
nmounti ng surface 304 on which a hologram 211 is nounted. In the main
body portion 301, there is provided a |ight source device 311 which
emts light to serve as reference |ight; :#a;lnd an optlcal system 312 for
form ng predeterm ned reference Iight 3134 n the form of parallel
light or the |like by, for exanple, collecting thelight emtted by the
| i ght source device 311 to illum nate t he hol ogram 211 nounted on the
nount i ng surforme® by mowinigethes upper thead poxrtivine d 0Ahand ethe dliowely head
apparatus is to reproduce col or t hr ee- di nensi onal inages, for exanple,
the |ight sopsreicievieB tdS5fdirh anicompllater holgbtramnn eThé hblBgré&madg @
colors or emts white | i ght. When the reproducing apparatus is

to reproducgeflection type hologram. _ _
nmonochromati c three-di nensional inages, for exanple, it emts | aser

l'ight having a prefgs epradeift Entd@ment thus makes it NSosLfIENe ddrihla 313
illum nates the hol ogram 211

5 reflection type hologram. In the case of such a reflection type
hologram, when the hologram is illuminated with reference light
for reproduction, reproduction light is produced on the same side
thereof as that illuminated with the reference light, and a viewer
can view a three-dimensional image reproduced by the reproduction

10 1light.

The configuration, operations and effects of the present
embodiment are otherwise the same as those of the second
embodiment.

The present invention is not limited to the above-described

15 embodiments. For example, while focus servo and tracking servo
are performed in the above embodiments, it may be sufficient to
perform focus servo only, for example, when the head is moved with
only a slight run-out.

While the above-described embodiments have referred to

20 cases wherein reference light foi: reproduction and reference
light for recording are different from each other, the same light
may be used as reference 1ight for reproduction and reference 1ight
for recording as a special case. In this case, object light
assumed in association with a three-dimensional image to be

25 displayed may be used as it is as information'light for recording,

which facilitates calculations of reference light for recording



Jmounted on the nmounting surface 304 frombelow to generate 5 reproduction
| i ght 315 which travels upward fromthe hol ogram 211. The mrror
portion 303 has a mirror 305 for reflecting the reproduction |ight 315
~-generated at the hol ogram 211 toward the front side of the reproducing
apparatus 300. The reproduction Iigh‘{‘8 315 generated at the hol ogram
211 is reflected by the mrror 10 305 toward the front side of the
reproduci ng apparatus 300 to form a real three-dinmensional imge 202.
Ther ef ore, aanfleimformaticoreviight fioxe relpordidgrmensi onal i mage 202 in front
of the reproducing appar at us 300. A description will now be
made wi th referencastdeserdbefiabdife, whth thelepparattuscdr methgd Hioxt fermimgn be
formed by the hol ogram form ng apparatus according to the present
enbodi nent. a KAologram Gacgsmiing? @os theninvention,l@ hedogramnisgformedrby i ke
a novie film That is, the hologram 320 as a whole is in the formof a

band which i pergofmingid plarallitypodf ctinestheeoperatioof AdlamindOing i
feeding) 321 on both sides thereof. A plurality of rect angul ar

hol ogr am Hor papis 0322 aFgedrdiiRyd medivie dioghickli idformatidli ract recoRddaeen
the perforations 321 on both sides. Each of t he hol ogram portions 322

corresponds @i222ih§3HP JYraphyOWErH bl PluralitdNes beand b RROHITRGS] et
interference pattern recorde herein

that forms a part of an interference pattern for generating

reproduction 1igh1_: assoclated with a desired three-dimensional

image when illuminated with reference light for reproduction to

10 thereby record the part of the interference pattern while changing

the relative positional relationship between the recording medium

and the beams of recording light. It is therefore possible to

form a hologram for reproducing a three-dimensional image easily

free from limitations placed by the size of the three-dimensional

15 image to be reproduced, the size of the hologram and reference

light for reproduction. |

The apparatus or method for forming a hologram according

to the invention is advantageous in that a three-dimensional

hologram can be formed by providing a _recording medium that allows

20 recording of a three-dimensional interference pattern and by
forming a three-dimensional interference pattern.

The apparatus or method for forming a hologram according

.-to the invention is advantageous in that it is possible to correct

the hologram easily by correcting information of a three-

25 dimensional image, which is achieved by spatiallylmodulating at

least one of a plurality of beams of recording light in amodulation



.25 which is associated with one three-di nensional inage. The
hol ogram 320 shown in Fig. 16 is forned as foll ows using

33 t he hol ogram form ng apparatus according to the present
-enbodi nent. First, there is provided a fi‘*sgrl i ke recording medi um
havi ng perforations 321 on both sides theftof and having a hol ogram

| ayer at |east in regions where hologramportions 322 5 are forned.

Partial hol ograms are sequentially formed using the hol ogram f or mi ng
appar at us w pattéemn r cadculagededased: rems pbhet diformationt hef | thei tthtieeal
direction thereof, and each of the hol ogram portions 322 is fornmed by
a plurality dimemsiomal himagg.ans. A description wll now be nade
with reference to Fig. 17 10 on an exanple of a reproduci ng apparatus for
reproduci ng a Tharaepakatuss ioanmethodofof rEvrniing Aohologram 2dAccdxding n
Fig. 16. A reproduci ng apparatus 330 shown in Fig. 17 has a
configurati oo the ihvértidm i scddvantayedisOin that & HR1OGHENNDs EBRMEAtwsTH330

nas: @ 5 a simple mechanism by forming the recording medium in the form
of a sheet and by illuminating the recording medium with a
plurality of beams of recording light on the same side thereof.

In addition, the apparatus or method for forming a hologram
according to the invention is advantageous in that an optical

10 system for illumination with beams of recording light can be made
compact by radiating a plurality of beams of recording light such
that the optical axes of the respective beams of recording light
are located on the same line.

The apparatus or method for forming a hologram according

15 to the inventioﬁ is advantageous in that a hologram is formed with
improved accuracy by controlling the positions of a plurality of
beams of recording light on the recording medium.

The apparatus or method for forming a hologram according
to the invention is advantageous in that a hologram is formed with

20 improved stability by providing fixing means for fixing an
interference pattern recordéd in the recording medium.

It is apparent £from the above description that the invention
can be carried out in various modes or modified modes. It is
therefore possible to carry out the invention in modes other than

26 the above-described best modes for carrying out the invention

within the scope of equivalence of the appended claims.



.driving device (not shown) for noving the hologram 32015 intermttently
in the longitudinal direction; a light source devi sS%@&Hﬁﬁieex?ﬂ@pfa&édng

light to serve as reference |light; an opti cal syste
-predet erm ned reference |ight 333 25 he form of panﬂ ﬂlﬂ ﬂL tihe
i ke by, for exanple, collecting th ight emtted

device 331 to 20 illumnate the hologram portions 322 of the. hologram
320; and a reflection type screen 336 for reflec

i ght 335 generated by the hol ogr aCLAIMS | ons 322 th
t he reference light 333. Referring to the light so Hﬂngmﬂ“r
it is simlar to the |ight source device 311 of the rep

apparatus 300 shown in Fig. 15. In this re_produ0| ng appar at us
330, the hol ogramB2@ hélogram forming apparatus for forming a hologras for
intermttently driven by the driving device, and a hol ogram portion

322 is illurri_-ag 88u¥indg raf erpree-GifibhsSesarn! ¥mdyei Nby recdriddhigod aghen
t he hol ogram 320 is stopped. The intermttent

5 interference pattern for generating reproduction light

assoclated with a desired three-dimensional image when
iliuminated with reference light for reproduction in a recording
medium in which information is recorded utilizing holography,
comprising:

10 a head for illuminating a part of the recording medium with
a plurality of beams of fecording light for forming a part of the
interference pattern to record the part of the interference
pattern; and

position change means for changing the relative positional

15 relationship between the head and thg recording medium.

2. A hologram forming apparatus according to claim 1,
wherein the recording medium allows recording of a three-
dimensional interference pattern and the interference pattern is
a three-dimensional interference pattern. _

20 3. A hologram forming apparatus according to claim 1,
wherein at least one of the plurality of beams of recording light
is spatially modulated in a modulation pattern calculated based
on information of a three-dimensional image.

4. A hologram forming apparatus according to claim 1,

20 wherein the recording medium is formed in a sheet-like

configuration and the head illuminates the recording medium with



s-illumnation with the reference light 333 can be performed by 5 —causthg—
the light source device 331 to emt light intermttently .S usrnga
shutter. .The hol ogram portion 322 generates r epr oduct ' ced
-when illumnated with the reference |ight 333, and the

light 335 is reflected by the screen 51336towardthefr '

screen 336 to forma real 10 three-dinensional image 337. Therefore

vi ewer can view the t hree-di nensi onal- i nage 337 in front of the screen
336. Wien t hthe plurhdityrofhbedifs bf mdoreiingalidhtuon tecsamosiide thelregpfam
portion 322 with the reference Iight 333, another three-di nensional

I mage is r epriduk eloldgeae ! 86eming Nappagatis eacdotding otal clemge 45an
be 15 reproduced, for exanple, by associating each of the hol ogram

portions 322ywpéréire thelheiceradldted the plubat ety ioFhsdniof reddiding 1ight
corresponding to each frane of a notion picture as in the case of a

novi e. such tH¥t 49eCbpPECaRBND o0RCERE dté‘ébédi:i.\}lebéﬂﬁéréf Wedt¥@113Rf hod

20 for formng a hol ogramof the present invention, a hologramis

formed bysiljughpaiidsediald o thgesraﬁgoigjhgg medi um 1 with reference
light for recording and information light for recording usi ng the head

10 to record a par f Pg r eLgt i43a4 :
parg of ﬁalbgf&ﬁ..fﬁﬁgﬁggm ;)gﬁfgtlfxg accord®f§€t8! '1%im 1,

reproduction |ight associated wt
further comprising position control means for controlling the

positions of the plurality of beams of recording light in the
recording medium.

10 7. A hologram forming apparatus according to claim 1,
further comprising fixing means for fixing the i_nterference
pattern recorded in the recording medium.

8. A method for forming a hologram for reproducing a
three-dimensional iJnagé by recording an interference pattern for

15 generating reproduction light associated with a desired
three-dimeneional image when illuminated with reference light for
reproduction in a recording medium in which information is
recorded utilizing holography, comprising the step of:

perfomihg an operation of illuminating a part of the

20 recording medium with a plurality of beams of recording light for
forming a part of the interference pattern to record the part of
the interference pattern a plurality of times while changing the
relative positional relationship between the recording medium and
the beams of recording 1ight, thereby forming a hologram.

25 9. A method for forming a hologram according to claim 8,

wherein the recording medium éllows reW
Ry M



-25 three-di mensional image when illumnated with referen | ight for
reproduction, and by repeating the operation of recording a part ‘
35 of an interference pattern a plurality of tines wThisShesf¥98ia%

the relative positional relationship bet n the head 10 an ' lacﬁd
medium 1. This nmakes it possible to form®® hol ogram foa wwumrﬂ H
t hree-di nensional image easily free of 5 limtations place f
t he three-di nensional inage to be reproduced and the size of the

hol ogr am dimensiondlinlterfenence datiern and thectuterteteniierpattenn is

cal cul ati on is made to obtain a plurality of beans of recording |ight
for f or ai three pdinendicnal dndkeirfesrenceppattemm s or generating 10
reproduction |ight associated with a desired three-di nensi onal I mage
when il lum nated wiohaA mkthedcfor ifPrming ar Rplogbam igaotordling tonelaimts ,on
pattern that provides such beans of recording |ight I s cal cul at ed;
beans of recqhéréinldtohbastbienbedthd plaality of beams of recording light

5 1is spatially modulated in a modulation pattern calculated based
on information of a three-dimensional image.

11. A method for forming a hologram according to claim 8,
wherein the recording medium is formed. in a sheet-like
configuration and the recording medium is. illuminated with the

10 plurality of beams of recording light on the same side thereof.

| 12. A method for forming a hologram according to claim 11,
wherein the plurality of beams of recording light is radiated such
that the optical axes of the respective beams of recording light
are located on the same line.

15 13. A method for forming a hologram according to claim 8,
wherein the positions of the plurality of beams of recording light
in the recording medium is controlled when the recording medium
is illuminated with the plurality of beams of recording light.

14. A method for forming a hologram'according to claim 8,

20 further comprising the step of fixing the interference pattern

recorded in the recording medium. —_—

| O A R



-modul ation pattern are generated; and the recording nedium1l1l is 15
illumnated with the beans of recording light always in the sane
direction. It is therefore possible to forma hol ogram for repr oduci ng

~a three-di nmensi onal image free of Iirritafﬁ ns pl aced by the reference
| i ght for reproduction. Accor g to the present enbodi nent,
since an interference 20 pattern is recorded part by part, holograns in
vari ous shapes can be formed. For exanple, when a cylindrical or
spherical hol ogram is to be forneABSTRAGH ogram having the ultimte
shape may be forned as a conbi nation of several fragnents each of

whi ch is fornmed using t he hol ogram form ng apparatus according to the
present 25 enbodi nent. According to the present enbodi nent,
the recordi ng nmediTire invention makes it possible to form a holcgfiram for 1
that allows recording of a three-dinensional interference pattern is
used, and a trépreduldimna thvde 4 dinrisdlonadecimadgé easily free ofelimiiit iwnd he

recording medium 1. This makes it possible to
5 placedby the size of the three-dimensional image to be reproduced,
the size of the hologram and reference light for reproduction.
A controller calculates a three-dimensional interference
pattern for generating reproduction light associated with a
desired three-dimensional image when a recording medium (1) is
10 illuminated with reference light for reproduction, divides the
three-dimensional interference pattern into partial interference
patterns and calculates reference light and information light for
recording for each of the parti'al interference patterns. A final
hologram is formed by illuminating the recording medium (1) with
15 reference light and information light for recording using a head
(10) while changing the relative positional relationship between
the recording medium (1) and the head (10) by moving the head (10)

with a VCM (13) while transporting the recording medium (1).

20



utilize Bragg diffraction effectively and to thereby provide 5 inproved
diffracting efficiency and inproved rendering capability in

representing a three-dinmensional
énbodi nent, the recordi ng nedi um
configuration and is illum nated with

i mage. - According to the present
1 is formed in a sheet-1ike

1/19eference light for recording

and information light for recording 10 'on the sane side thereof such that

the optical axes of those beans

This makes it possible
reference |ight for re

using a single head 18 anyg
10 with a nore 15 conpacg gef

present enbodi nent, refé&g
gui de portion 5 is usede<wo
i ght for recordi ng andgd he
to the recording  -nmedi ungl
wi th high accuracy.
hol ogr am havi ng ar §§

t herein can be easNy
printer. &

of light are located on the sane |ine.
b0 illumnate the recording nmedium1 with

rding and information light for recording
pravi de the optical system of the head
& on. According to the

recording reflected by the
2 positions of the reference
& |ight for recording relative

Yakesi t possi ble to forma hol ogram

0 Q t he present enbodi nent, a

Npexysi onal i rmage i nformation recorded

to printing using a nornal

FIG. 1



It is therefore possible to copy a hologrameasily and to form 25 a great

nunber of hol ogranms having the sane three-di nensional - i mage
i nformation recorded therein. Wen a hol ogram form ng
-37 apparatus and a reproduci ng apparatus for reproducing a

t hree- di nensi onal inmage froma hologran13pgﬁrding to the present
enbodi nent are provided in a renpte |oc il , It is possible to forma
hol ogram usi ng the hol ogram form ng apparatus by 5 transmtting '

t hree-di nensi onal image information to the renote | ocation using the
internet or the |like and to reproduce a t hr ee- di nensi onal i nage from
the hologramthus fornmed. It is t her ef ore possi bl e t}d f or m hol ogr ans
havi ng t hr ee- di nensi onal i mge information y&th the{sane quality and
to reproduce 10 <three-dinensional inmages with e sane¥quality in any

pl ace. According to the presentgenbodiyrent, b hhs of recording
light are cal cul ated based on three-dinmensio i ff ggrati on, '
e.g., three-dinensional inmge data to be @ oce cpnput er.
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As a result, a hologramcan be easily corrected by correcting the 15

t hree-di nensional inmage data. Therefore, when a final hol ogram isto
be formed with appropriate corrections added thereto, the enbodi nment
makes it possible to formthe final hologramnore easily with a
reduced cost conpared to nethods wherein a hologramis formed by
causing interference between object |igh8/f9oman 20 existing object and
reference light. Further, a hol ogram can be formed based on

t hr ee- di nensi onal i mage information even for an obj ect which does not
exist or which is too |large, and an i nmage can be easily fornmed with
characters representing a title or 0 i ke or various visual effects
added thereon, which nakes it 25 p é to create advertisenents and
magazi ne front pages that gi ve ong@d i npy@ssi on.

38 According to the pr odi ment, since a hologramin
the formof a thin sheet can be foryred,\it is possible to form

N
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-a hol ogram whi ch has high portability |ike conventional OHP sheets and
which can be filed simlarly to a sheet of paper. Further, 5 a

presentation can be carried out using three-di nensional inages W th
'ease of operation simlar to that of a conventional OHP and OHP sheets
by form ng sheet-1ike hol ograns and using a sinple r epr oduci ng
apparatus having a configuration simlag/f{tg that of an CHP as shown in
Fig. 15. According to the present enbodinent, 10 a thick recordi ng nmedi um
can be used to forma hol ogram for reproduci ng a three-di nensi onal

i mge therein. According to the present enbodi nent, the
recordi-ng nedi um 1 to allow recording of a three-di nensional

interference patteen & is @8ed, and a three-dinmensional interference
pattern is recordegd 15evin the recel di ng nedium11. It is therefore
possi ble to perfor rrulti&)l ex rjecording of a plurality of

t hr ee- di nensi onal r fe¥=enc terns in the recordi ng nedium 1 by
conbi ni ng beans of efensp and object light on an assunption
t hat there |}t pf of reder enee i ght incident at
different 20 a f eedibe t for EE N on and that there
are beans off. e gﬁ?qg'o ferent ianal i nmages
originating from I t"V'e;_-:aemg feake . Thi s
makes it possi bl f ol pr peghat  a Igws
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of different three-dinensional inmages depending on the incident 25 angle

of the reference light for reproduction. For exanple, a hol ogr am may
be formed on an assunption that there is a plurality -

39 of parallel beans at different angles of incidence as reference

| ight for reproduction, and three-dinensional imges nmay be r epr oduced
fromthe hol ogram using sun beans as ref§ffhce |ight for reproduction
whi ch nakes it possible to forma hologramthat 5 allows reproduction of

di fferent three-di nmensional inmages depending on the tine zones of a
day. According to the present enbodinent, it is also possible

to reproduce a noving three-di nensional inage by formng a hol ogram i n

a configuration simlar to that of a novie filmas 10 shown in Fig. 16
and by using a reproducing aparatus having a configuration |like that
of a projector as shown in Fig. 17. A aWile the spatial |ight
nodul at or 24 of the present f

FIG. 7
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enbodi ment i s provided between the dichroic prism 23R and reflecting
prism25 shown in Fig. 1, the spatial light nodulator 15 24 may

alternatively be provided between the beamsplitter 37 and S-pol ari zed
hol ogram 35 in the head 10 or on the side of the i nci dent surface of
the beamsplitter 37. Alternatively, inSé??g of providing a spati al

| i ght nodul ator 24 shared by R, G and B colors, spatial |ight
nodul ators to be respectively and 20 exclusively used for RR G and B

i mges may be provided between the collimator |ens 22R and dichroic
prism 23R, between the collimator lens 22G and dichroic prism 23G and
bet ween t he collimator lens 22B and reflecting prism 23B,

respectively. A description_ will now be nade on an apparatus and
a nethod 25 for formng a hol ogram ccorgin to second enbodi nent of the
invention. Fig. 18 is a perspective CiewS ﬁrg contiguration of

40 a hol ogram form ng appar at us accorjdi 0 present enbodi nent. As

shown in Fig. 18, the hol ogram form ng appdratus of t8&0present

Calculate three-dimensional
interference pattern

5102

Divide three-dimensional
interference pattern into
partial interference patterns

5103

Calculates reference light
and information light for
recording for each partial
interference pattern

5104

Sequantially form a partial
hologram associated with each
partial interference pattern

()

FIG. 8




-enbodi nent does not have the spati al Iight nodul at or 24 as provi ded in
the first enbodinent. Further, there is provided a head 410 5 in place of

the head 10 of the first enbodi nent. Fig. 19 is an illustration
-of a configuration of the head of the present enbodi ment. The head 410
of the present enbodi nent has: an objective |l ens 32 provided opposite
to a recordi ng nedi um 1; an actuatof/{fot shown) capable of noving the
objective lens 10 32 in the direction of the thickness of the recording
medi um 1 and a transporting direction of the recording nmedium1; and a
spatial |ight nodul ator 41 a m s 1 37 a convex | ens 418, a

cylindrical lens 39 and a qudr é_ whi ch are
di sposed on the side 5 B i“te to the 15
recording nmedium1 in tRe orderNi 3 he order of their
j The head 410 further has: a
Acti208 of light that is

ig 3 and transmtted by a
) 37; and a convex | ens
415 whi ch are di sposed
V the mirror 412 in the

mrror 412 disposed in the
i ncident fromthe reflecting
hal f-refl ecting surface
413, a concave 414 3
in the travellﬁigl(-:‘G 9Adl rec
order listed

FIG. 9B

d 202




that is the order of their closeness to the mrror 412. Light emtted
by the cylindrical |ens 415 inpinges upon the recording 25 nmedium 1 such

that the center (optical axis) thereof is at an angle of 45[err] to
the surface of the recording nedium 1l and crosses |ight

41 fromthe objective lens 32 in the recording nmedium 1. Light
emtted by the cylindrical lens 415 is nagypged to a m ni num t hi ckness
in the recording nmedium 1. The spatial |ight nodulator 411 in
the present enbodinment 5 has a great nunmber of pixels arranged in the form
of a grid and is capable of spatially nodulating Iight on the basis of
| i ght intensity by seIFcting g light tirangmtting state or bl ocking
state for each of the pj s. The dpatial |]i ght—mggiofjator 411 is
driven by the controll g 65 shown ijn Fig. 4§. 30 ®& - In the head 410 of
t he present enbodi ment,| |ight incident upgn ghe|head 410 I Mpi nges upon
the beamsplitter 37 sildeways; a part Jof g§he ugntity of light is

refl ected by the half -'efhecting o

R image|G image|B image|R image|G image|B image

Emission

N

R light
source device
G light
source device
B light
source device

Spatial light
modulator

FIG. 10A
FIG. 108
FIG. 10C
FIG. 10D



surface 37a; and a part of the quantity of light is transmtted by the
hal f-refl ecting surface 37a. The |ight reflected by the 15

hal f-refl ecting surface 37a inpinges upon the spatial |ight nodul at or
411 which spatially nodul ates the |ight. Inthepresent enbodi nent, this
i ght serves as information |light for recording. The information |ight
for recording is collected by the objecgig | ens 32 to inpinge upon
the recording medium 1, and the light 20 convergingly passes through the
recordi ng medium 1 and conver ges to a mninmumdi anmeter at the further
side of the recording nmedi um Li ght whi ch has i npi nged
upon the beamsplitter 37 sidemqyg) d has passed through the

hal f-refl ecting surface 37a is Olarlﬁggted by the mirror 412 to pass

t hrough the convex | ens 413 and oncave | ens 414 sequentially. The

di ameter of the beah-gfolarized B -polariz 42
light is thus reduced, larghti is4%@nverged Pgh ?lndrlcal | ens

90 P-polarized
light

FIG 11



415 only in the direction of the optical axis of the objective | ens 32
into a beamof light having a flat configuration which i Npi hges upon
the recording medium1l. In the present enbodinment, 5 this |light serves as
reference light for recording. The reference light for recording
crosses the information |ight for recording fromthe objective | ens 32
i nsi de the recording nmedium 1. 10/A9t hr ee- di nensi onal interference
pattern is recorded in the recording medium 1l as a result of
interference between the 10 information light for recording and the
reference light for recording. In the present enbodinent, the
interference pattern serves as gppartip] interference pattern to form
a partial hol ogram The parti al zholpogram has a configuration in the
formof a circular pl aBé~~Pay tigl hol ogr ank a3§1sequentially formed by

1 b

me

noving the 15 head 410 sim | ar Fyftorime T1MsT ment . Fi g.
20 illustrates a state of partialih gra of f d in the
recording medium11 in such AL0BMETAS T ustT,; ed3hR Fig. 20,
according to the present enbodi it OF partial hol ograns

420 in the formof l|ayers are for on on§%§§Q//¢gother in the recording
medi um 1. In the present odi s[the controller 65

—

~

cal cul ates the ref erence Iiglt for yecordipg and the information |ight
for !
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j
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fecording on an assunption that there are partial interference

patterns in the partial holograns in the formof |ayers. 25 In the
present enbodi nent, the information |ight for recording is turned into
feturn light which has been refl ected

43 by the | ower end of the guide gﬁ*f%gn 5 and nodul ated by the
enbossed pits 5a. The return light is c ted by the objective | ens
32 to pass through the spatial |ight nodulator 411, and is t hereafter

i nci dent upon the beamsplitter 37. A part of the 5 quantity of light is
transmtted by the half-reflecting surface 37a and passes through the
convex lens 418 and cylindrical |ens 39 to i npinge upon the quadruple
phot odet ect or 40. Based on the out put of the quadrupl e phot odet ect or
40, the detection circuit 61 d- &CL S ocus error signal FE, a
tracking error signal TE 10 and a “ on signal RF. The

configuration, operation and effectzij> z:fgesent

0,
026
QI
6

FIG. 14



enbodi nent are otherwi se the sane as those of the first enbodi nent.

An apparatus and a nethod for form ng a hol ogram accordi ng to athird
enbodi ment of the invention will now be described. Fig. 15 21 is a side
vi ew of the hol ogram form ng apparatus according to t he present

enbodi ment. This hol ogram form ng- apparatus is provi ded with an upper

head portion 10A in place of the head 102/19 of the first enbodi nent.
The hol ogram form ng apparatus further has: a |ower head 20 portion 10B

provi ded under the guide portion 5; two guide shafts 511 provided
above the | ower head portion 10B in parallel wth "the axial direction
of the transport roI# s 2a, : - and a novabl e portion 512
novabl e al ong the gu shatts 511 under t he gui dance of the guide
shafts 511. The | ower portion 10B i s bonded to an upper end face
of the novable portionA12 to be ved with the npyable portion 512.
44 Furt hey, the hol ogra o&=F-Ag—appar at us has a VCM 513 for
AS o i
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| 315
211
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r r A\
\ \‘—" \‘
\ N\ ,I
. N \
O\ A
T N ,j{ /311
reet s
301 312 300



fovi ng the novabl e portion 512 along the guide shafts 511. The VCM 513
has a configuration simlar to that of the VCM 13. Specifically, the
VCM 513 has: a VCM yoke 514 provided under the 5 guide shafts 511 in
parallel with the guide shafts 511; a VCM yoke 515 provided under the
VCM yoke 514 in parallel with the VCM yoke - 514 with a predeterm ned

i nterval therebetween and coupled to thé3/19 VCM yoke 514 at the ends
thereof; a plate-like VCM nagnet 516 secured to the top surface of the
VCM yoke 515; and a voice coil 10 517 provided around the VCM yoke 514 at
a predeterm ned interval fromthe outer circunferential surface of the
VCM yoke 514. The voi ce coil 517 is bonded to a |ower end face of the
novabl e portion 512. The VCM 513 ha&k&g such a configuration noves the
| ower head portion 10B,ih parallel h the guide shafts 511. 15

In the present enbodi nent, t4fe upper333ad por t3dh 13 and t he | ower
head portion 10B correspond {to the he&d agcordifng tgp the i nvention,
and the VCM 13 and t he }MEMSYI——correspeond—to—the posi ti on change neans
according.to the inventf o /B2 LBh63hdogehred or fri ng appar at us
further has: a beam splltt ;é nugnm gt fyomt he refl ecting

A

prism25 in Fig. 1 inpiphgd hyengmt parf of the quantity of

light to cause it to 52§W 2 i S

)
321

FIG. 16



=1 npi nge upon the upper head portion 10A and which reflects a part of
the quantity of Iight dowward; and a reflecting prism502 for
reflecting the light reflected by the beamsplitter 501 to cause 25 it to

-i mpi nge upon the | ower. head portion 10B. , Fig. 22 is an
illustration of a configuration of the upper

45 head portion 10A and the Iomeﬂ4ﬁgad portion 10B. The upper head
portion 10A has a configuration obtained by deleting the mrror 412,
convex |l ens 413, concave |lens 414 and cylindrical |ens 415 fromthe
head 410 shown in Fig. 19. The |ower, head portion 10B 5 has: a prism 521
for emtting light fromthe refl ecty prism 502 in Fig. 21 upward at
a refracting angle of 45[err]; and a convex |ens 523, a concave |ens
524 and a cylindrical |lens 525 which are dippqsed in the traveling

direction of the light emtted by the prism 1Tn the order listed
which is the order of their closeness 10 tot prism521. Light emtted

by the cylindrical |ens 525 i npi nges upon rec ing medium 1 from
bel ow such that the ~ o _
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tenter (optical axis) thereof is at an angle of 45[err] to the surface

of the.recording nedium 1 and crosses light fromthe objective | ens 32
in the recording nedium1l. Light emitted by the 15 cylindrical |lens 525
I's narrowed to a mninmumthickness in the recordi ng medi um 1.

In the present enbodinent, the VCM 13 and1§739VCNI513 cooper at e under
the control of the controller 65 shown in Ffg: .6 to establish a
constant relative positional relationship 20 between the light fromthe

obj ective lens 32 and the light from the cylindrical |ens 525.

In the present enbodi nent, Ight incident upon the upper head portion
10A i npi nges upon the beamwspljiter 3®si deways, and a part of the
gquantity of light is refle&fsd hemalf-reflecting 25 surface 37a. The
l'i ght reflected by the I&l EX\ 9etli ng surface 37a i npi nges upon the

spatial |ight nodul ator 411 a:';;o ial 159 _
46 nodul ated by the s § podul at or 411. In the present




-enbodi nent, this light serves as information |light for recording. The
information light for recording is collected by the objective | ens 32
to be projected upon the recording nedium11, and the light 5 convergingly
~passes through the recording medium 1 and converges to a mninmm

di anmeter at the further side of the recard'%? medi um 1. In
the present enbodi nent, |ight incident ﬁJh he | ower head portion 10B
is refracted by the prism 521 and passes through 10 the convex |ens 523
and concave | ens 524 sequentially to reduce the di aneter of the beam
of light. The light is converged by the cylindrical lens 525 only in
the direction of the optical axis of the objective lens 32 into a beam
of light having a flat configuration which in turn inpinges upon the
recording medium 15 1. In the present enbodinent, this |light serves as
reference light for recording. The reference |ight for recording
Ccrosses the information light for recoryli #oom t he objective | ens 32
i nside the recordi ng nmedi um 1. At ue-d% nsional partia
interference pattern is 20 recorded in the i ggnediun1l as a result .
of interference between the informatio gNt for recording and the
ref erence 418

<~ 410

< .
412 N J

A

FIG 19



Jdight for recording to forma partial hologram The parti al hol ogr am
has a configuration in the formof a circular plate simlar to that in
the second enbodi nent. In the present 25 enbodi ment, however, the
partial hologramis a reflection type (Li ppmann type) hol ogram

Partial hol ogranms are sequentially 17/19

47 formed by noving the upper heaJ'portion 10A and the | ower head
portion 10B to forma conpl ete hol ogram The hologramis a reflection
type hol ogram The present enbodi nent thus nakes it possible to
forma 5 reflection type hologram |In the case of such a reflection type
hol ogram when the hologramis illumnated with reference |ight for
reproduction, reproduction light is gpgduced on the sanme side t her eof
as that illumnated with the referenceg |ight, and a viewer can view a
t hr ee- di nensi onal i nage repr oduction 10 [light.

The configuration, operation he present




enbodi nent are otherw se the sanme as those of the second enbodi nent .
The present invention is not limted to the above-described 15

enbodi nents. For exanple, while focus servo and tracking servo are
perfornmed in the above enbodinents, it nmay be sufficient to perform
focus servo only, for exanple, when the head is noved with only a
slight run-out. Wi | e the aboyg/#@scri bed enbodi ments have
referred to 20 cases wherein reference |ight for reproduction and
reference light for recording are different fromeach other, the same
‘1'i ght may be used as referenq% i ght for reproduction and reference

| i ght for recording as a specjal case. In this case, object |ight
assunmed in association wih a]ﬁhre%-dinensional image to be 25 displayed

may be used as it is as i\nforfmtion lighl for recording, whi ch
facilitates cal[ '

48 and in Oftrat+-en—+-ght T e —|
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“As descri bed above, with the apparatus.or nethod for formng a
hol ogram according to the invention, a hologramis forned by

performng a plurality of tines the operation of illumnating a 5 part of
“a recordi ng medi um on which information is recorded utilizing

hol ography with a plurality of beans of recording |ight that forns a
part of an interference pattern for gen&8Ai9ng reproduction |ight
associated with a desired three-di nensi onal i mge when illum nated
with reference light for reproduction to 10 thereby record the part of
the interference pattern whil e changi ng the rel ative positional

rel ati onship between the recordi ng nedi um and the beans of recording
light. It is therefore possible to forma hol ogram for reproducing a

rdk fromlimtations placed by the
Q9 to be reproduced, the size of the

t hr ee- di nensi onal image easily
size of the three-di nensional

hol ogram and ref erence lig epr oducti on. The
apparatus or method for form ng gran1acc?bﬂing to the invention
i s advantageous in that a three/din q£ hol ogram can be formed by
provi ding a recordi ng medi um t Kat g tsregording of a
t hree-di nensional interfer¥nhcg d by formng a
t hree-di nensi onal interferengd pa
37a
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v The apparatus or

: ~ {REPLAGEMENT .

'Tr g a hol ogram accomﬁ)ooq{b@&" 2

I nvention is adva taggog@[ri 2 hat I's possible to correct t he
hol ogram easi | y [byf corir A .thﬂi f Brmatlon of a three- ﬁ‘gﬁ PO
i mage, which is fadhi.eved by spafiflly nodulygting at ne o
plurality of bedns of recording | fght in a nodul ation Q]QS( N
49 patterr ' on the informati on of 't r%e P
di mensi onal i mage. he apparatus or. method for formn
hol ogr am accoF@rnhgxample otkﬁesP ilekghts medindatar 2t sspecifiga gl&llhdﬁﬁgrahm
is formed with 5 a sinple nechanismby form ng the recording nediumin
the form configurasionrmimilan tokhat pEp ﬂ-ﬁq\lﬂ-@cﬂﬁﬁﬁﬁj‘- ﬁéap&ﬂvwltqm@t
plurality of beans of recording light on the same side thereof.
I n addition, uitdldgiagaretatorypoledizationroff Ajquidomygtahs excluding dihey
to the invention is advant ageous in that an optical 10 system for
il lum nati on wpolariedmg platecorMhengphitdail tightanothtlator 24cihspadapted to
radiating a plurality of beams of recording |ight such

' 5 rotate the polarizing direction of each pixel at +90° when it is

off and not to rotate the polarizing direction when it is on. For

example,_ ferroelectric liquid crystals having a high response

speed (on the order of microsecond) may be used as the liquid

crystals of the spatial light modulator 24. This allows recording
10 at a high speed.

A configuration of the head 10 will now be described with
reference toFig. 4 . T,hé head 10 has: an objective lens 32 provided
in a face-to-face relationship with the recording medium 1; an
actuator 33 movable in the direction of the thickness of the

15 recording medium 1 and the transporting direction of the same;
and a double optically rotating plate 34, an S-polarized hologram
35, a beam splitter 37, a convex lens 38, a cylindrical lens 39
and a quadruple photodetector 40 which are disposed on the side
of the.objective lens 32 opposite to the recording medium 1 in

20 the order listed that is the order of their closeness to the
objective lens 32.

Thg beam splitter 37 has a half-reflecting surface 37a
provided at an angle of 45° to the direction of the optical axis
of the objective lens 32 for reflecting a part of the quantity

25 of light incident thcreupon and for transmitting a part of the

quantity of 1ight. The light from the reflecting prism 25 in Fig.



¥ that the optkcal axes-of the respective beans of recording B%LACEMENT EET
.located on the sane |ine. The apparatus or nethed{for formng a
hol ogram according 15 to the invention i s advantageous in{thatd & ASGHUE
is formed with I nproved accuracy by c rolling the pgsiftions of a
plurality of beans of recording |ight the recordi ng nedi um
The apparatus or nethod for form ng a hol ogram accordi ng —to. the

invention is advantageous in that a hologramis fornmed with 20 inproved
stability by @moWigi.ndg:f ardngnnepbitcably ffollatiingnplate 34Rcprevided qnitthen

recorded in the recordi ng nmedi um It is apparent fromthe above
descri pti on t hsightheideweftthenoptical axilscin #ig.cd.olthe opticably redasing
nodi fied nodes. It is therefore possible to carry out the invention in
nodes ot her thamte?34L otatee\Epatasi zDRg dicectibaen £ 95° Cand thetoptica ey
I nvention wi thin the scope of equival ence of the appended clal ns.
50 rotating plate 34R rotak8sMR polarizing direction at +45°.

5 Information for tracking sérvo and address information is

recorded in the form of embossed pits 5a arranged 'on the lower
end of the guide portion 5 in the moving direction of the head
10. The illuminated light converged by the objective lens 32 to
a minimum diameter at the further side of the recording medium
10 1 is reflected by the lower end of the guide portion 5 to become
.return light modulated by the embossed pits 5a, to j.mpinge upon
the objective lens _312_ The return light passes through the double
optically rotating plate 34 and the S-polarized hologram 35 .to
impinge.upon the beam splitter 37, and a part of the quantity of
15 1light is transmitted by the half-reflecting surface 37a to impinge
upon the quadruple photodetector 40 after passing through the
convex lens 38 and cylindrical lens 59.
As shown in Fig. 7, the quadruple photodetector 40 has four
light-receiving portions 40a through 404 divided by a division
20 1line 40A in parallel with the moving direction of the head 10 and
a division line 40B orthogonal thereto. The cylindrical lens 39
is provided such that the central axis of the cylindrical surface
thereof is at an angle of 45° to the division lines 40A and 40B
of the quadruple photodetector 40.
25 An example of a configuration of the recording medium 1 will

now be described with reference to Fig. 5. Color three-



¥ 1. (Amended) *A hol ogram formi ng apparatus for forning a
reproduci ng a three-di nensional - inage by recording 5 a
pattern for generating reproduction |ight associ ate
t hr ee- di nensi onal i nage when illumnated with refer
reproduction in a recording medi um i n Yhi ch infor lon is recorded
utilizing hol ography, conprising: 10 a head ¥e+—-tuninating
part of the recording nmediumwth a plurality of beanms of recording
l i ght for forrghegheadsld; | fodas servo darduiie seefdn igedrforininge£ocds t dérvo
part of the interference pattern; positi on change neans for
changi ng the sy arivengoid aekahtorn3 el Ehé Hedd PoRiseron ithe B6alsaaerébe
recordi ng nmedi um and position control -Treans for controfling the

positions of id¥yna1l FiRl HeBeLtdObyPAHE @teAGYrl Afrduti6] C8! movre Othde

recordi ng medi um based on return light fromthe -recordi ng medi um

gener at ed LR 1&LPT §HN rrq_xﬂ | Sedtidn St ' egﬁs

20 recording I(f éﬂt. 1 1 sl% g'R ho éjo[gar%lfn?#ﬂoir m n%@aggg\rmat%lggkggggr I ng 3

claim1l
b

recording medium 1; and a tracking servo circuit 63 for performing

tracking servo by driving the actuator 33 in the head 10 based

on the tracking error signal TE detected by the detection circuit

61 to move the objective lens 32 in the direction in which the

recording medium 1 is transported.

10 The hologram forming apparatus has a signal processing
circuit 64 for reproducing a basic clock and determining an address
from the reproduction signal RF from the detection circuit 61 and
has a controller 65 for controlling the hologram forming apparatus
as a whole. The cbntroller 65 receives input of the basic clock

15 and address information outputted by the signal processing
circuit 64 and controls the VCM 13, R light source device 21R,
G light source device 21G, B 1ight source device 21B, spatial 1light
modulator 24, transport device 20, ultraviolet lamp 6 and heat
roller 8. The transport device 20 is a device for transporting

20 the recording medium 1 from a supply portion (not shown) to an

ejecting portion (not shown) and includes transport rollers 2a,

2b; 3a, 3b; and 4a, 4b.  The transport device 20 constitutes
position change means according to the invention.
The controller 65 has a functioh of receiving input of

25 three-dimensional image information 67 from the outside and

calculating a modulation pattern for information light for



v

=" wherein t-he recording- medium all ows recording of a thi .'.Eml
interference pattern and the interference pattern is
t hree-di nensional interference pattern. 25 3. A 10I‘ﬁ@rﬂ%fmﬂi ng
apparatus according to claim1, whereigb at least{one of the plurhljty
of beans of recording |ight 51 is spatiflly nodulated I'nfa
nodul ation pattern cal cul at ed based on i nfornmti omrof—a
t hr ee- di nensi onal i nage. 4. A hol ogram form ng appar at us
according to dletieation circuht tdi dethetscthe fogysnerwrernsignnds Fed tracking
sheet-like 5 configuration and the head illum nates the recordi ng nmedi um
with t he grnomrisignadf TBeand vépratwcidion dsigpall BF based om Thelcoutput
t her eof . : 5. A hol ogram form ng apparatus according to claim4,
wherein the hedfl tissli qiadripie photdddtectorbelits Basedcondithe Ifilopds error
such that the optical axes of the respective beans of recording 10 |ight
are | ocated osiigia1SaRE thee focus servo circéibob?2operEdxnisTi Ut FemidiSto
according to claim1, ' -

5 always keep the reference light for recording and the information

g‘EPLACEMEyETﬁgﬂE

light fo_r' recording in a constant positional relationship with
the recording medium 1 in the direction of the thickness of the
recording medium 1. Based on the tracking error signal TE, the
tracking servo circuit _6_3_ performs tracking servo to alwaYs keep
10 the reference light for recording and the information light for
recording in a constant positional relationship with the
recording medium 1 in the transporting direction of the recording
medium 1. The signal processing circuit 64 reproduces the basic
clock and determines addresses based on the reproduction signal
156 RF.

Fig. 14 shows an example of an arrangement of partial
holograms in each of R,' G and B colors. In Fig. 14, the circles
indicated by reference symbols R, G and B represent partial
holograms in R, G and B cqlors, respectively.

20 As a result of the tiansportation of the recording medium
1 with the transport device 20, a fegion of the recording medium
1 having holograms formed thereon reaches the position of the
ultraviolet lamp 6 which illuminates the region with ultraviolet
light, and the region further reaches the position of the heat
25 roller 8 which applies heat to the region to fix thé partial

interference patterns (partial holograms) recorded by the head



% urt her Corrpric_inn fixing neans for fixing the interfgr

?06)}34 tEkin

od for

recorded in the nedi um 8. (Arrended) A net
forming a hol ogr mﬂﬁuwimﬂw mP 15 a three-di mensi ongl PU@ bngl;)\{

recording an i nt for_generating reproduction |i

associated wth a desired t'hr ee- di me onal i mage when il um nat ed

with reference |ight for reproduction in a recordimy mediunr i which

information is recorded utilizing hol ography, icéf _'_.__;e;md’otﬁif i'hé?ema'l‘ma/
of .th

20 perform ng an operation of ill| (OHAIMS ng ap?; _
recording nediumw th a plurality of beans of record F@/Hm_'

forming a part of the interference pattern to record the par .
interference pattern a plurality of times while changl ng-the

'f@ﬁwm_ﬁﬁ Refor‘?"
. the
relative

posi tional relationshi(aresiaeagnat he1ogeandEogning! apparstus’ FdhEdnanmy af

recording light, thereby formng a hol ogram and

controlling the

posi tions of h&Eoghahi FHort ¥eptodedig &f three-dikensional image by recording

5 an interference pattern' for generating reproduction 1light

associated with a desired three-dimensional

image when

illuminated with reference light for reproduction in a recording

medium in which information is recorded utilizing holography,

comprising:

10 a head for illuminating a part of the recording medium with

a plurality of beams of recording light for forming
interference pattern to record the part of the

pattern;

a part of the

interference

position change means for changing the relative positional

15 relationship between the head and the recording medium; and

position control means for controlling the positions of the

plurality of beams of recording light relative to the recording

medium based on return light from the recording medium generated

when the recording medium is illuminated with the beams of

20 recording light.
2. A hologram forming apparatus according

wherein the recording medium allows recording

to claim 1,

of a three-

dimensional interference pattern and the interference pattern is

a three-dimensional interference pattern.

25 3. A hologram forming apparatus according

to claim 1,

wherein at least one of the plurality of beams of recording light

|l L.



‘fecording light relative to the recording medi um based on return < |ight
fromthe recording nmedi um generated when the recording mediumi s
illumnated with the beans of recording |i ght 9. Admet hoddfor
form ng a hol ogr | ai m 8, wherein the recordi ng nmedi um
al | owsgrecordi %gHWHHﬂl"mnuﬂlﬁﬁl di mensi &?al interference pattern and the
I nterference pattern i & *a three-dinensional interference pattern.

10. A method for form ng a hol ogram according to claimS8, wherei n at

| east one of 1isespetiradlliyt modalatedsimnt medulaltivn [patiternlfalculaped ibased
nodul ated in a nodul ati on pattern cal cul ated based on information of a
t hr ee- di nensi onalnfomgetion of a thréé-dfmersbenal oimdgs i ng a hol ogram
according to claim 8, wherein the recording nediumis forned in a

sheet -l i ke confj Q\lfnbj.@?raﬁldfbﬂﬁiﬁQC pﬁaﬂauﬁ@dauabramél t61 cakem w,th
the 15 plurality of beans recording light on the sane side thereof.

12. A nethod $RéréDs MtHe arlebedinl aREQLEh Ndd O folte® 1in a -qirket he
plurality of beans of recording light is radiated such tha

optical axpes Qén*ff@uf@éﬂﬁ?hhﬁetﬂ@?i@%doililﬁ&ﬂ{éﬂéwthé%cordlng”‘ﬁlédi %}ﬁ:‘ill on
the sane |ine. . A nmethod for formng a hol ogram™according to

claims, the &,tm‘iraﬁegmf BbAfs bEereddiiidy 111 P8nltie 5OhES18E Y Hifreot .

pattern

5. A hologram forming apparatus according to claim 4,
wherein the head radiates the plurality of beams of recording light
such that the optical axes of the respective beams of -recording

10 1light are located on the same line.

7. A hologram forming apparatus according to claim 1,
fﬁrther comprising fixing means for fixing the interference
pattern recorded in the recording medium.

8. (Amended) A method for forming a hologram for reproducing

- 15 a three-dimensional image by recording an interference pattern

for generating reproduction light associated with a. desired

three-dimensional image when illuminated with reference light for

reproduction in a recording medium in which information is
recorded utilizing holography, comprising the steps of:

20 performing an operation of illuminating a part of the
recording medium with a plurality of beams of recording light for
forming a part of the interference pattern to record the p/art of
the interference pattern a plurality of times while changing the
relative positional relationship between the recording medium and

25 the beams of recording light, thereby forming a hologram; and

controlling the positions of the plurality of beams of

et
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"'recor‘ded in the recordl ng -medi um i ‘
52/ 1 (Added) A hol ogram form ng apparat us accor di ng to
claim mng a gui de portion provided under the

recordi ng L“, | de portion faaving a portion for nodul ating
t he r et m mm” ”m 16. (Addéd) A hol ogram forni ng apparat us
according to clai‘mvt rei n the position control neans perforns
focus servo and trackl ng servo. 17. (Added) A nethod for
form ng a hotegprding ddghitmelative toctha megordingarediumn bpsed: onretyrn: he
beans of recording light 10 are controlled based on return |ight

nodul at ed bylighjui fieompothe arecording oneédiauh (gaheratied wbeor diheg neswindging
havi ng a portion for nodul ating the return |ight. 18.
(Added) A nanédbiut aks fidlunigatedowdyhathecheans of trecording didgh8,. wherein
the positions of the beans of recording |ight

9. A method for forming a hologram according to claim 8,

5 wherein the recording medium allows recording of a three-
dimensional interference pattern and the interference pattern is
a three-dimensional interference pattern.

10. A method for forming a hologram according to claim 8,

wherein at least one of the plurality of beams of recording light
10 is spatially modulated in a modulation pattern calculated based
on information of a three-dimensional imagé.

11. A method for forming a hologram according to claim 8,
wherein the recording medium is formed in a sheet-like
configuration and the recording medium is illuminated with the

15 plurality of beams of recording light on the same side thereof.

12. A method for forming a hologram according to claim 11,
wherein the plurality of beams of recording light is radiated such
that the optical axes of the respedtive beams of recording light
are located on the same line.

20 14. A method for forming a hologram according to claim 8,

further comprising the step of fixing the interference pattern

recorded in the recording medium.



g 15 are controlTed by perform ng focus servo and tracki ng servo. -
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52/1

15. (Added) A hologram forming apparatus according to claim
1, further comprising a guide portion provided under the recording
medium, the guide portion having a portion for modulating the
return light.

16. (Added) A hologram forming apparatus according to claim
1, wherein the position control means performs focus servo and
tracking servo.

17. (Added) A method for forming a hologram according to
claim 8, wherein the positions of the beams of recording light
are éontrolled based on return light modulated by a guide portion
provided under the recording medium having a portion for
modulating the return light.

18. (Added) A method for foxmihg a hologram according to
claim 8, wherein the positions of the beams of recording light

are controlled by performing focus servo and tracking servo.



